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PREFACE 
American agriculture has recently migrated from an economic setting 
in which supply quantities were large, farm prices and incomes were rela-
tively low, migration from farms was rapid and. food for American consumers 
came at a low real cost. This situation changed drastically over the last 
three years as crop shortfalls in some world regions greatly increased the 
demand for U.S. exports, and world commodity prices zoomed to record levels. 
Major dislocations occurred in trade as some farmers benefitted from the 
high prices while consumers and other farmers sacrificed with high costs 
for certain basic agricultural commodities. These conditions, coupled with 
turbulent inflationary and growing recession tendencies, place agriculture 
of the next decade in an important position. Will the large export market 
and commodity prices remain over the future, or will they recede with 
normal weather elsewhere in the world? If larger farms are encouraged by 
a more extended agriculture, can prices hold at prosperous levels as more 
expensive and larger technical inputs are used? At what level of exports 
could prosperity be held for American agriculture and how might these levels 
of demand and farm technology affect the number and income of farms of dif-
ferent sizes? 
This study, made by means of a national and interregional programming 
model, examines the future of American agriculture. It examines policy 
alternatives and various outcomes for agriculture if the industry took on 
various structures in size and technology. In the latter connection it 
measures, in relation to policies and farm sizes which might prevail in 
the future, affects of farm commodity prices, returns in the farm sector, 
employment and input requirements of agriculture, capital needs of the 
industry, consumer food costs and generation of employment and income in 
the rural nonfarm sector. 
These measures are made not as prescriptions but as trade-off 
comparisons which can be used by Americans as they consider alternatives 
in farm and food policy over the future decade. The data generated show, 
for example, how much farm employment must be sacrificed to lower consumer 
food costs by a given amount and vice versa. 
This study was made cooperatively with and by a small grant from the 
Office of Planning and Evaluation, the U.S. Department of Agriculture. 
Several people had significant roles in defining the scope and nature of 
the study. Included especially are W. Burl Back, A. Barry Carr and William 
A. Carlson of the Office of Planning and Evaluation. 
Craig Fulton was an active participant of the Iowa State University 
staff which made this study. 
The Authors 
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I. INTRODUCTION 
The American farming industry has undergone many changes over the 
last three decades. Throughout much of this period the supply of farm 
products was large, causing depression of farm prices and income. To off-
set the large supply capacity and low prices, federal farm programs were 
enacted to improve farm incomes. The focus of these programs was on re-
ducing the market supply of farm products by storing excess production, 
retiring cropland from production and, to a small degree, retraining and 
finding alternative employment for farm workers [32]. Efforts also were 
initiated to expand the market for farm products. Programs providing lower-
cost food for welfare recipients, school lunch programs and foreign aid 
all attempted to expand the effective demand for certain farm products [7] 
Over the past two years, however, the demand and supply situation 
for American agriculture has changed greatly. Strong foreign demand for 
grains has resulted in sharp price increases. The increased foreign 
demand has been attributed to devaluations of American currency, increasing 
per capita incomes in other countries and crop shortfalls in major pro-
ducing areas of the world (21,22). The Russian wheat purchases of 1972 
especially drove demand and price higher. In addition, unfavorable 
weather conditions in the U.S. during the 1974 growing season induced 
further upward pressure on farm commodity prices. 
Although this abrupt demand-supply turnaround has occurred only 
recently, changes in the structure and composition of the farming industry 
have been occurring throughout the last quarter century. The quantity 
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and mix of different input types used in agriculture and the income 
levels earned by commercial farmers are two areas affected by these changes. 
Table 1 presents data on input usage for three different input classes 
from 1950-72 and Table 2 presents data on farm numbers and income for that 
period. 
The data in Table 1 document the degree to which farming shifted 
from a primarily labor intensive to a highly capitalized industry during 
the last two decades. From its 1950 level, fertilizer usage doubled by 
1959, quadrupled by 1967 and in 1972 was five times greater than it had 
been only 22 years previously. Comparison of the two remaining input 
categories in Table 1 provides a vivid documentation of the labor-capital 
substitution occurring in American agriculture. Although the hours of 
labor needed in farming decreased by 59 percent from 1950 to 1972, the 
quantity of tractor horsepower utilized increased by 125 percent. This 
greater quantity of horsepower could be operated by fewer laborers because 
of tremendous increases in the size of tractors and their complementary 
equipment. Between 1950 and 1972, the number of tractors (excluding 
garden tractors) increased by 31 percent, only one-fourth of the rate of 
increase noted for horsepower usage (41). As less labor and more capital 
were used to produce farm products, the farm population also declined--from 
23 million people in 1950 to 9.6 million in 1972 (44). 
The combination of a declining farm population and increases in the 
size and scale of farm machinery resulted in a sharp decrease in the 
number of farm units operating in agriculture. As shown in Table 2, the 
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Table 1. Indices of farm input usage, 1950-1972. 
Total hours used for 
Fertilizer Tractor horsepower farm work 
(Index:l950=100) (Index:l950=100) (Index:l950~lOO) 
1950 100 100 100 
1951 120 109 101 
1952 136 116 96 
1953 148 124 92 
1954 160 130 88 
1955 164 135 85 
1956 164 144 79 
1957 172 149 73 
1958 180 155 70 
1959 204 161 68 
1960 208 164 65 
1961 220 170 62 
1962 236 \ 174 60 
1963 268 180 57 
1964 296 185 54 
1965 312 189 51 
1966 356 196 49 
1967 400 203 48 
1968 436 210 46 
1969 448 214 44 
1970 468 218 43 
1971 504 222 42 
1972 504 225 41 
Source: [41]. 
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Table 2. Farm numbers, realized gross income per farm, net cash income per farm 
and farm income as a percent of non-farm. 
Per capita dispos-
Total realized Operators' able income all 
Number of gross income per farm net sources, farm as 
farms per farm cash income % of non-farm 
(1,000) (dollars) (dollars) (percent) 
1950 5,648 5, 718 1,367 57.6 
1951 5,428 6,835 1,744 63.8 
1952 5,198 7,086 1,780 58.9 
1953 4,984 7,037 1,794 54.4 
1954 4,798 7,021 1,694 52.4 
1955 4,654 7,147 1,613 47.8 
1956 4,514 7,624 1,908 47.3 
1957 4,372 7,816 1,707 48.1 
1958 4,233 9,009 2,069 54.5 
1959 4,097 9,244 1,691 48.1 
1960 3,963 9, 715 2,026 53.0 
1961 3,825 10, 5ll 2,226 57.4 
1962 3,692 11,300 2,216 59.2 
1963 3,572 11 '965 2,151 61.5 
1964 3,457 12,475 2,250 59.3 
1965 3,356 13,561 2,415 67.9 
1966 3,257 15,523 3,018 71.2 
1967 3,162 15,775 2,175 67.9 
1968 3,071 16,850 2,769 69.7 
1969 2,999 18,784 3,476 72.9 
1970 2,954 19,838 3,408 72.6 
1971 2,909 20,841 3,228 73.0 
1972 2,870 24,375 4,670 81.3 
1973 2,844 34,099 9,175 ll2.9 
Source: (55). 
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number of farms decreased from 5.6 million in 1950 to 2.8 million in 1973, 
a decrease of 50 percent in 24 years. Combined with increases in the farm 
sector's gross income, this decline in farm numbers allowed a sizeable leap 
in per farm realized gross income. In 1973, realized gross income per farm, 
$34,099, was almost six times that of 1950. The 1973 figure, of course, 
was greatly affected by the increased exports and high prices of that year. 
However, the 1970-72 average gross income, $21,685, was still 3.8 times 
that of 1950. 
As the farming industry used less labor and more capital, encouraged 
through relative price Ctlanges and the profitability of substituting capital 
for labor, expenditures for purchased inputs increased. Even with higher 
cash expenses, per farm net cash income rose fairly steadily throughout 
the 1950-72 period. The $4,670 income of 1972 was 242 percent greater and 
the $9,175 income of 1973 was 571 percent greater than in 1950. As net 
income per farm climbed during this period, per capita income of farmers 
rose faster than that of nonfarmers and in 1973 surpassed that of the 
nonfarm sector. 
Per capita income of farmers in 1973 was 113 percent that of non-
farmers--again reflecting the high farm prices of that year. These high 
prices could act to either slow or to increase the rate of farm mechaniza-
tion and farm expansion. Increases in farm income may encourage more young 
people to start farming or older farm operators to postpone retirement, 
thus slowing the trend towards fewer and larger farming operations. But 
increased farm income also could cause larger farm operators to use their 
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additional revenues for newer and larger equipment and expansion of farm-
ing operations. Some evidence that this second scenario is occurring al-
ready exists. The New York Times reported that, "Deere and most of the 
other implement makers have orders for all the heavy tractors and combines 
they will produce during their 1974 fiscal year" [23]. Other articles 
link high farm prices to soaring land prices, some up 30 percent in the 
last two years [24]. 
Whichever of these trends persist--either toward or away from more 
farm expansion--significant impacts will fall on rural communities serving 
agriculture. Nonfarm people of these rural areas earn much of their 
income by serving the farming industry. They also rely on the farming 
sector for support of the public service of their communities. The 
remainder of this section examines some of the relationships between the 
size and composition of the farming industry and the rural community. 
Figure 1 graphically emphasizes the relationship between average 
farm size and farm population. As the number of farms fell from over six 
million in 1940 to less than three million in 1970, the average size of 
£arms grew from less than 200 acres to 383 acres. The farm population 
declined by more than two-thirds during this period, from over 30 million 
in 1940 to less than 10 million people in 1970. The data in Table 2 
indicate that the trend to larger and fewer farms continued after 1970 
as farm numbers declined by 110,000 units between 1970 and 1973. 
As the farm population dwindled, the need for services in rural 
towns decreased. This decline in demand, coupled with the increased 
mobility of rural people, resulted in severe economic hardship for many 
rural towns (4). Mayer relates these hardships to changes in the 
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agricultural sector (19): 
... the changing structure of agricultural production has 
significantly altered the flows of money in rural towns. More 
money flows to sources in urban areas and less remains to pro-
vide jobs in rural towns. As mechanization of agriculture 
increased and as capital intensification occurred, rural towns 
have experienced a slow drawdown of economic vitality. 
The nation has slowly begun to realize that the nonfarm sector of 
rural communities has borne a major cost of the transformation of Amer-
ican agriculture. The Rural Development Act of 1972 is an explicit 
expression of the public's concern with their plight. And under Title 
V of the Act, Rural Development and Small Farm Research and Education, a 
linkage is hypothesized between average farm size and the welfare of rural 
communities [11]. 
Concern for the plight of rural communities has been categorized 
under the topic of rural development. While this topic is not new to 
economics, Waters listed four new features of present-day rural develop-
ment [ 73]. These four features can be paraphrased as: 
1) Concern with the entire nonmetropolitan part of the nation--
not just farms and villages; 
2) Concern with more than poverty and depressed areas; 
3) Concern with improving the conditions in rural America so that 
people will have the opportunity to remain there; and 
4) Concern over the concept that massive urbanization is an 
ironclad law of economics which can't be tampered with. 
While rural development involves more than just economics, Tefertiller 
defines its major economic goals," ... to be expanding job opportunities, 
increasing incomes and improving the distribution of income, and providing 
public services and facilities to rural people" [41]. He divides rural 
areas into two classes--those with a declining population and those with 
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an increasing population--to focus on their separate needs. He indicates 
that those with increasing populations are not largely dependent on agri-
culture, although it may still be an important part of the area economy. 
In these areas, the need for public services and the desire of residents 
for urban conveniences in a rural setting may be more important than 
promoting additional off-farm employment. 
The concern for providing viable nonfarm employment opportunities, 
however, may be the central issue in those rural communities with de-
clining populations. The severity of the plight of these areas is evi-
denced by the fact that the proportion of the nation's people living in 
rural areas dropped from 36 percent in 1950 to 26.5 percent in 1970 [60]. 
Kaldor notes that for an economic turnaround to occur in any particular 
rural community, it must have a basis for its economic existence or revi-
val [15]. Rural industrialization and recreation have been suggested as 
foundations for the economic revival of rural communities. But Wadsworth 
suggests that the majority of rural communities do not possess the in-
frastructure necessary to attract new industries into their towns [65]. 
And Webster and Grafton point out that the recreation potential of rural 
areas is limited to those communities with unusual natural or cultural 
resources [68]. Considerations such as these support Bentley's claim 
that a rural development program which fails to recognize the role of 
agriculture as a major industry in most rural areas is doomed to failure, 
especially those with a declining population. [1]. 
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Objectives of This Analysis 
Although American agriculture has already undergone far reaching 
changes, trends underway indicate that change and uncertainty may con-
tinue to characterize the farming industry. These changes will continue 
to have important economic and social impacts on agriculture and rural 
communities. The objective of this study, then, is to analyze a major seg-
ment of the American agricultural industry under different alternatives of 
future structure and to indicate some of the impacts of these alternative 
futures on variables directly related to farming and the sectors surrounding 
it. These futures are all based on projections to the year 1980. 
Agricultural export levels are a major parameter differentiating the 
alternative futures analyzed. One alternative future supposes that growth 
in agricultural exports will follow historic long-run trends. In this cir-
cumstance, export levels are projected to be higher than in the late 1960's 
but do not exceed recent levels for all farm commodities. The second ex-
port situation requires that American agriculture produce at peak capacity 
with all production in excess of domestic demand then exported. 
To investigate the effect of different farm-size structures in Ameri-
can agriculture on related economic variables, three alternative futures 
with different specifications for average farm size are examined. These 
three alternatives are compared under export conditions that require 
agriculture to operate at full capacity. A fourth alternative relating 
to the structure of American agriculture evaluates the effect of complete 
resource mobility for the maximum export situation. 
Also when exports are held at the trend level, the impact of two methods 
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of implementing a "target price" farm program are compared. One alter-
native uses a direct payment to farmers; the other uses acreage quotas to 
force market prices to the "target" level. The price levels specified .in 
the Agriculture and Consumer Protection Act of 1973 are ~sed as the 
"target" prices for this comparison [35]. 
In total, outcomes under seven separate alternatives, differentiated 
by the three parameters just discussed (export levels, farm size, and 
target prices), are compared in this study. The seven alternatives are 
explained more fully in a later section. To indicate the cost and benefits 
of these alternative situations to different economic groups, estimates 
are made not only for certain key variables which apply directly to 
commercial agriculture but also for variables which relate to impacts on 
nonfarm sectors of the economy. Variables presented in the study which 
relate directly (but not exclusively) to commercial agriculture are: 
the quantity and location of production of major crops, the input require-
ments of this production, prices received for those crops, and net farm 
income--both for the entire farming sector and per commercial farm. Since 
consumers are the final beneficiaries of farm production, estimates are 
made of consumer expenditures for food under various situations. To indi-
cate the potential environmental impact of the different alternatives, an 
estimate of gross soil-loss is calculated for each alternative. The final 
variable presented relates the value of output of the major crop commodities 
to the total income generated throughout the nation by the production of these 
commodities. The remainder of this report describes the economic models used 
in this study and compares the results of the seven alternatives analyzed. 
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II. MODEL FORMULATION 
The programming model used in this study is presented and described 
in this chapter. The various regional concepts and the farm-size categories 
used in the study are also described in this section. Finally the seven 
model alternatives analyzed in the study are detailed. 
Description of the Programming Model 
A linear programming model is used to estimate the base data for this 
analysis. This national model describes the wheat, feed grains, soybeans, 
and cotton production sectors of American agriculture. It incorporates 
an interregional comparative advantage production sector and a transporta-
tion submodel and requires the fulfillment of consumer demands in 31 con-
suming regions. Costs of production, crop yields, and consumer demands 
for the model are based on parameters estimated for the year 1980. 
The programming model minimizes the cost of producing its endogenous 
commodities (wheat, feed grains, soybeans, and cotton) in 150 rural areas 
and of transporting them among 31 consuming regions. The model simulates 
production equilibrium in that the supply price of each crop commodity must 
cover the cost of producing that commodity in each rural area. Market 
equilibrium is simulated since the quantity of each commodity supplied 
must equal the demand for that commodity in each consuming region. 
Demands for spring and winter wheat, feed grains, and oilmeals are 
13 
specified for 31 consuming regions. The demand for cotton lint, however, 
is specified only at the national level. The demand levels specified for 
these five commodities (spring and winter wheat, feed grains, oilmeals, and 
cotton lint) are the summation of their estimated use as seed, livestock 
feed, domestic food, industrial inputs, and exports--both in raw and pro-
cessed forms. 
Transportation activities are defined to allow the production of 
a commodity in one consuming region to be used to satisfy the demand for 
that commodity in another consuming region. Potentially there exists 
31 x 30 = 930 transportation activities for each of the commodities for 
which regional demands are specified, or a total of 3,720 potential transpor-
tation activities. Patterns of historic grain movement and regional 
production potentials are used to reduce the number of transportation 
activities to 202 for spring wheat, 467 for winter wheat, 458 for feed 
grains and 476 for oilmeals. Rail rates reflect transportation costs be-
tween all consuming regions. No transportation costs are defined from 
a rural area to the center of its consuming region. 
The production and demand for spring and winter wheat, feed grains, 
and oilmeals are determined on a feed unit basis. Use of the feed unit 
concept allows the aggregation of the four feed grain crops (barley, corn, 
grain, oats and grain sorghum) to a single commodity. It also allows the 
possibility of substitution of wheat for feed grains in livestock feeds, 
if the relative prices of the two commodities so dictate. Further, it 
allows the demand for oilmeals to be satisfied by the production of either 
soybean oilmeal or cottonseed oilmeal. 
The programming model contains 275 equations and 2,061 real vari~ 
14 
able.,; Land in the 150 r;, (cil ~st:aB and deman.ds specified by the 31 con-
suming regions (plus the national ~ottvtl lint demand) serve as constraints 
f.ll- the equations, The real variables include crop production, wheat-to-
feed grain transfer and transportation activities. 
Output of this programming model ~.s used to provide data regarding 
rhe location of production and supply price for feed grains, wheat, soy-
be-3.ns, and cotton for each of the alternatives. Ry expressing the model 
in its algebraic form, the method in which this information is obtained 
iB rnore readily apparent. In this cost-·minimization model, the objective 
of the prod net ion problem is to find a set of x' s such that the function: 
f(c) = ex 
is a minimum subject to the following restraints: 
x i.s a column vector of producti.:.:>n, trausfer, and 
transportation activities; 
~ is a row vectc,r· of unit costs foy· th0se activities; 
1\ is a matrix of transformation coefficients; and 
(2. 1) 
(2.2) 
(2. 3) 
b is a column vector of resource rest[aints and demand 
requirements, 
The allocation question is resolved using the system represented 
in Equations 2.1, 2.2 and 2.3. The pricing <juestion is solved using the 
dual formulation of that system. The dual problem can be described as: 
Maximize· g(p) = b'p (2.4) 
subject to: 
A'p"" c' (2. 5) 
p ~ 0 (2. 6) 
where: 
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p is a column vector of land rents and supply prices for the 
products and 
b, A, and c are defined previously. 
The mathematical structure of the model varies for only one of the 
seven alternatives analyzed. The factors which vary between the other 
six model alternatives are the assumptions concerning the value of the 
model parameters; either export levels, farm-size structure, or government 
farm programs. For the other alternative, the restraints on resource 
mobility (the 50 percent lower bounds) are relaxed to allow complete re-
source mobility. 
Equation 2.7 is the objective function to be minimized in the model, 
150 4 31 2 
f(c) = :>:: L: c~. X. • + L: L: p w mr mr 
where, 
i=l j=l l.J l.J m=l r=l 
31 31 4 
+ L: L: L: Tflr zflr (2. 7) 
f=l 1=1 r=l 
s Cij is the cost per acre of producing the j-th crop activity in 
the i-th rural area for farm-size structure s (j = 1,2,3,4 for 
wheat, feed grains, soybeans, and cotton, respectively); 
x is the number of acres of the J·-th crop activity in production ij 
in the i-th rural area; 
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P is· the cost per ton of transferring the r-th kind of wheat to 
mr 
feed grains in the m-th consuming region (r = 1,2 for spring 
and winter wheat, respectively); 
w is the tons of the r-th kind of wheat transferred into feed 
mr 
grains in the m-th consuming region; 
Tflr is the cost of transporting one ton of the r-th commodity to 
(from) the f-th demand region from (to) the 1-th demand region 
(f ~ 1; r = 1,2,3,4 for spring ard winter wheat, feed grains, and 
oilmeals, respectively; 
zflr is the tons of the r-th commodity transported from (to) the 
f-th demand region to (from) the 1-th demand region. 
Production of the crop commodities is restrained by the total crop-
land available in each rural area, Equation 2.8, 
4 
L. ~ ~ x .. 
1 j=l 1] 
(i 1,2, ••. ,150) (2.8) 
while the production of soybeans is additionally restrained by an agrono-
mic restraint, Equation 2.9, 
where, 
(i 1,2, ••• ,150) (2.9) 
Li is the total acreage of land available for the four crop 
commodities in the i-th rural area; 
A. is the proportion of the total amount of land available to soy-
1 
beans production in the i-th rural area (A.= .5 for all rural 
1 
areas except those in Arkansas, Louisiana and Mississippi where 
Ai = .7) and; 
x is defined as before. ij 
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In addition to the upper limits on production in Equations 2.8 and 
2.9, minimum production restraints are imposed in each rural area as in 
Equation 2.10, 
(i= 1,2, ... ,150; j = 1,2,3,4) (2. 10) 
'vhere B .. is 50 percent of the acreage of the j -th crop harvested in 
1] 
i-th rural area in 1969 and 
x is defined as before. ij 
Equation 2.10 is not imposed in Alternative E (see section on alternatives 
defined). 
Equation 2.7 is minimized subject to the following additional linear 
demand restraints: 
n 31 
D 
ml 
;§ ~ Yil xil - w + ~ z mfl i=l ml - f=l 
(m = 1,2, •.. ,31; f f. m) (2 .11) 
n 31 
Dm2 ;§ ~ Yi2 xil - w + ~ zm£2 
i=l m2- f=l 
(m = 1,2, •.• ,31; f "I m) (2. 12) 
n 31 
Dm3 ;§ ~ yi3 xi2 + wml + wm2 ±. ~ zm£3 i=l f=l 
(m = 1,2, ... ,31; f "f m) (2.13) 
n n 31 
0m4 
;§ 2:: Yi4 xi3 + ~ yi4 xi4 ±. r: zm£4 
i=l i=l f=l 
(m = 1,2, .•. ,31; f "I m) (2.14) 
where, 
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(2.15) 
n is the number of rural areas in the m-th consuming region, 
D is the tons of the r-th commodity demanded in the m-th con-
mr 
suming region (r 1,2,3,4 for spring wheat, winter wheat, 
feed grains, and oilmeals, respectively); 
o5 is the national demand for cotton lint (in 480-lb. bales); 
Yir is the yield in tons (except for cotton lint which is in 480-lb. 
bales) of the r~th commodity in the i-th rural area (r = 1,2, 
3,4,5 for spring wheat, winter wheat, feed grains, oilmeals, 
and cotton lint); 
x .. , w and zfl are defined as before. 1J mr r 
Finally we have the usual nonnegativity assumptions of linear pro-
gramming: 
(2.16) 
Regional Delineations 
Within the contiguous 48 states, 150 rural areas have been deli-
neated (Figure 2) for which crop production activities are defined. These 
rural areas are defined to be internally homogenous with respect to produc-
tion possibilities. Factors considered to determine these production 
possibilities are soil type, climate, historic yields, and production 
costs. The 150 rural areas are contained within the continental United 
States but do not completely encompass its entire land base. The areas 
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not included in the 150 rural areas (called White Area) accounted for 
only 2 percent of the 1969 production of the four commodities endogenous 
to the programming model r64]. In this analysis, production from these 
areas is held equal to their 1969 production and the demands specified 
for the programming model are reduced to account for that production. 
In the programming model 3i separate consuming (or demand) regions 
(Figure 3) are defined for winter and spring wheat, feed grains, and oil-
meals. These 31 consuming regions follow state boundaries and are com-
posed of either one state or aggregations of several states. 
The third regional concept used in this study is the farm production 
region. The 10 farm production regions (outlined in the darker lines of 
Figure 2) entirely encompass the contiguous 48 states. Each rural area and 
each consuming region is entirely contained in one farm production region. 
Many of the results of the analysis are summarized at the 10 farm production 
region level. 
Farm-Size Definitions 
In this study, different assumptions as to the average size of indi-
vidual farming operations are incorporated within the programming model to 
indicate the possible effects of different agricultural structures on both 
farm and nonfarm sectors. To examine these assumptions, productive coeffi-
cients for three distinct farm-size categories have been developed from 
data reported by Eyvindson [5]. These three categories are referred to 
as the small-, medium-, and large-farm structures. These farm structures 
are defined on the basis of value of sales so the average acreage for each 
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farm-size structure can vary with the type of farming operation existing 
in different regions of the nation. Coefficients for a fourth structure, 
which reflect a farming industry composed of a mix of farms from each of 
the three distinct farm sizes, have also been developed. 
Production coefficients of the small-farm structure represent the 
technology of commercial farms with gross farm sales of no more than 
$10,000. This category corresponds to farms in economic classes IV and 
V of the United States Bureau of the Census. Nationally, commercial 
farms in this category had an average size of 232 acres in 1969 [64]. 
Farms in this group generally would be considered too small to provide an 
adequate family income if the family were dependent on farming as its sole 
income source. In 1969, 41 percent of the farm operators in this cate-
gory were employed in off-farm work for more than 100 days of that year 
[ti4]. 
Production coefficients for the medium-farm structure are represen-
tative of commercial farms in economic classes II and III of the Census 
Bureau. Farms in this category have gross sales of more than $10,000 
but no more than $39,999. The average farm in this grouping was 520 
acres in size and had $20,597 in gross .farm sales in 1969 [64]. 
Production data for the large-farm structure characterize farms 
in economic class I, gross sales of more than $40,000, of the Census 
Bureau. For the nation, these farms averaged 1,603 acres and $113,552 
in gross sales in 1969 [64]. Farm operators in this group are highly 
commercial and could depend entirely on their farming operation for 
23 
their family income. 
Since American agriculture is not expected to be composed entirely 
of small, medium, or large farms in 1980, the typical-farm,structure has 
been developed. This structure provides a base situation to compare 
with the alternatives incorporating coefficients of one of the three dis-
tinct farm-size catego.ries. This category represents the cost structure 
and productive technology of farming if recent farm-size trends were to 
continue to 1980. Average farm size for this structure would be similar 
to the average under the medium-farm structure. However, productive 
coefficients of each of the three farm-size categories (small-, medium-, 
and large-) are incorporated within the typical-farm structure. 
Alternatives Analyzed 
The major goal of this study is to examine the implications of al-
ternative future situations, assuming different values for certain key 
narameters. Seven model alternatives combining different export, farm-
size structure, and government program assumptions are compared for 1980. 
These seven alternatives and their underlying assumptions are detailed in 
Table 3. 
For six of the seven alternatives, complete resource mobility is 
not allowed in the programming model. Instead, each of the models 150 
rural areas is required to have at least 50 percent as many acres of each 
of its commodities (wheat, feed grains, soybeans, and cotton) in production 
as it did in 1969. This procedure supposes that some inputs used in farm-
ing can't be quickly transferred to the production of other farm commodities 
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or be quickly employed :Ln alternative nonfarm occupations. For example, 
if a farmer has already invested in the equipment necessary to produce 
cotton, he may not irmnediately be able to shift to soybean production--
even though soybeans would be more profitable for that farmer if he possessed 
the equipment necessary to grow soybeans. Also, existing farm programs 
re.quire production of a crop to protect that crop'·s acreage history and 
future eligibil1.ty for progr:'l<n j?&rticipation. ThereforP., 50 percent 
minimum acreage restraints are used in the prograrmning model to reflect 
constraints on resource mobility. No resource restraints are included 
in Alternative E, however, to provide an indication of the most efficient 
production pattern available in the model. 
Estimates of crop exports for the trend and maximum export levels 
are presented in the section on derivation of demand coefficients. In 
recapitulation, trend level exports are based on the long-run growth of 
foreign trade from 1949 to 1971 while foreign markets are assumed to 
purchase any American crop production in excess of domestic demands under 
the maximum export case. 
Alternative A combines trend level exports and the typical-farm 
structure (farms of all three size categories). This alternative is 
used as a benchmark solution for comparison with the other six situations. 
Alternatives B, C, D, and E all incorporate the maximum export 
level. Alternatives B, C, and D, which contain differing farm structures, 
reflect the impacts of different farm sizes under full capacity production. 
Alternatives D and E both incorporate the large-farm structure but Alter-
native E has no restraints on location of production and Alternative D 
26 
contains the 50 percent restriction. Therefore, comparison of these two 
situations provides an indication of the impacts of the 50 percent re-
source restraints. 
Alternatives F and G both combine trend level exports and the medium-
farm structure. These two situations compare the effect of two methods 
of implementing a "target" price· program. Under Alternative F market 
forces are allowed to determine the quantity and location of production 
and the prices farmer's receive. Direct payments to farmers are necessary 
under this scheme to insure that farm prices equal "target" price levels. 
For Alternative G, however, acreage quotas are imposed to force the market 
determined price of feed grains, wheat and cotton to be equal to "target" 
price levels. (These acreage quotas are based on 1969 farm program 
allotments.) 
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III. PARAMETER VALUES 
A considerable number of coefficients and parameters are needed 
to formulate the programming model used in this study. Estimates for 
two major sources of demand, livestock consumption and exports, are 
presented in this section of the report. A complete discussion of the 
procedures and assumptions adopted to formulate this programming model 
are presented in [29]. 
Livestock Consumption 
The demand for feed grains and soybeans as livestock feed is a 
major portion of the total demand for the model commodities. To calculate 
this derived feed demand, estimates of per capita consumption of live-
stock products are needed. Estimates of consumption under various model 
situations for five livestock classed are presented in Table 4. 
Separate demand levels are not estimated for each model situation. 
Because Alternatives A and F result in very similar supply prices for 
feed grains and soybeans, livestock consumption quantities are assumed 
equal for these two situations. In contrast, Alternatives B, C, D, and 
28 
Table 4. Estimates of per capita consumption in 1980 with 1969-73 
averages for comparison. 
Livestock 1969-73a/ 1972-73 
Average§./ 
Model alternatives 
class Average- A,F G B,C,D,E 
Beef (lbs 115.4 115.5 136.6 135.0 129.7 
Pork (lbs) 66.7 64.5 65.3 64.2 61.0 
Broilers (lbs) 38.9 42.5 40.2 40.2 40.4 
Sheep (lbs) 3.2 3.0 3.2 3.0 2.6 
Turkeys (lbs) 9.1 9.1 8.9 9.0 9.1 
~ource: [48]. 
E result in very different supply prices for grains. Therefore one would 
expect differing livestock prices and consumption quantities to result 
among these four situations. A major reason for evaluating these 
situations, however, is to discover any input efficiencies that may appear 
between them. Therefore, so as not to disguise these input efficiencies, 
demands are forced to remain constant for the four situations. 
Beef consumption under Alternatives A and F is estimated to increase 
sharply over 1969-73 levels. The 1980 estimate, 136.6 pounds, is 18 per-
cent greater than the 1969-73 average consumption. Consumption of the 
other four livestock commodities under Alternatives A and F, however, 
is estimated to remain nearly equal to 1969-73 levels. 
As the price of feedstuffs rises, the price of livestock products 
also rises and consumption of livestock products falls. Therefore the 
consumption estimates for beef, pork, and sheep under Alternative G 
and the maximum export alternatives (Alternatives B, c, D, and E) are 
29 
lower than for Alternatives A and F. Consumption estimates for broilers 
and turkeys, however, tend to rise slightly for these situations--as 
these products are substituted for the other livestock products. Feed-
stuff price would increase under Alternative G because of its acreage 
quotas and under the maximum export alternatives because of increased 
crop production. 
Exports 
Estimates of export levels under two differing views of the future 
are compared in this study. One view (called trend exports) assumes 
that future export levels will follow the long-run trend in exports. 
Data from 1949 to 1971 are used to project export quantities for this 
case. Estimates for this future are greater than actual exports in the 
late 1960's but are less than 1972-73 exports for some commodities. An 
alternative view of the future (called maximum exports) assumes that 
American agriculture operates at full capacity and any production in 
excess of domestic demand is readily exported. Estimates for these two 
situations and recent actual data are presented in Table 5. 
Table 5. Estimates of 1980 exports with 1969-73 and 1972-73 averages for 
comparison. 
1969-73a/ 1972-73a/ Trend Maximum 
average- average- exEorts exEorts 
Model Alternatives 
A,F,G B,C,D,E 
Wheat 862.0 1,167.0 800.0 1,000.0 
Feed grains 
(mil. tons) 29.1 38.2 34.7 43.4 
Soybeans (mil. bu.) 448.0 477.5 750.0 938.0 
Cotton (mil. bales) 3.7 4.4 3.2 4.0 
~ource: [51]. 
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Estimates of wheat and cotton lint exports for the trend export 
level are less than actual exports for either of the recent periods pre-
sented, reflecting the very strong demand for these two commodities in 
the last two years. Feed grain exports under the trend level assumption 
are greater than 1969-73 average exports but less than the 1972-73 
average. This figure suggests ·a strong future demand for feed grains 
although not quite as large as in 1972-73. Soybean exports for this 
case are much greater than for either of the recent periods. This 
estimate is greatly affected by the threefold increase in soybean ex-
ports which occurred during the 1960's. 
To project exports for the maximum level case, the trend level 
estimates for each commodity are increased by an equal percentage. The 
percentage increase which just exhausts the land base of the model is 
then chosen· to approximate full capacity production. For each of the 
four commodities, export estimates for the maximum export level are 25 
percent greater than trend level estimates. 
Even with the 25 percent increase, export estimates for wheat and 
cotton lint in the maximum export situation are less than 1972-73 average 
levels. However, these estimates are well above the 1969-73 averages. 
Feed grain exports under the maximum export assumption, 43.4 million tons, 
are 14 percent above 1972-73 exports and almost 50 percent greater than 
1969-73 average exports. Soybean exports again are well above recent 
actual levels. For the maximum export case, soybean exports are nearly 
twice as large as even the relatively high export levels of 1972-73. 
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IV. RESULTS FOR THE SEVEN MODEL ALTERNATIVES 
Using the programming model results as a base, estimates for the 
variables of interest are determined for the seven model alternatives. 
These results are presented and compared in this section of the report. 
National Output and Acreage 
For each model situation, estimates of national production, acreage, 
and yield for wheat, feed grains, soybeans, and cotton are directly 
derivable from the programming model (see Table 6). Of the seven 
model alternatives, Alternative A (which incorporates trend level exports 
and the typical-farm structure) is most comparable to the recent-year 
data given in Table 6. The estimated production of feed grains and soy-
beans under this alternative increases by 23 and 49 percent, respectively, 
over 1972 production levels. In contrast wheat production under Alter-
native A is estimated to be only slightly greater than in the recent 
periods and cotton lint production is less than in 1972 (although 
greater than the 1969-72 average). 
Increases in feed grains and soybeans production under Alterna-
tive A require more acres than were devoted to these crops in 1972 or in 
the 1969-72 period. For this situation, the total acreage requirement 
of the four crops, 226.7 million acres, is 13 percent greater than in 
1972.. However, hidden in that total increase are decreases of 2 million 
acres for wheat and 3.6 million acres for cotton. Per acre yields under 
Alternative A are estimated to be higher than in 1972 for the four com-
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33 
modities. These yield increases are the dual result of projected 
increases in technology by 1980 and regional shifts in production allowed 
in the programming model. These regional production shifts result 
partly because of the removal of government program restraints in 
effect in the 1969-72 period as well as from shifts in demand quantities 
projected for 1980. The sharpest jump in yield is estimated for cotton 
lint, increasing by 18 percent over its 1972 yield of 495 pounds per 
acre. 
Export levels specified under Alternative B are 25 percent great-
er than for Alternative A. This percentage increase was determined 
because production at this level very nearly exhausts the land base of 
the model. The total acreage required under Alternative B, 249.4 million 
acres, is 10 percent greater than estimated for Alternative A and 25 
percent greater than the acreage harvested in 1972. Of the 22.7 million 
acre increase over Alternative A, 15.6 million acres would be devoted 
to wheat and soybeans. Because a large portion of their production goes 
to export markets, production of these two commodities is greatly 
affected by flucuations in export demands. On a total production basis, 
a 25 percent increase in export quantities results in production in-
creases of 11 percent for wheat, 2 percent for feed grains, 13 percent 
for soybeans, and 7 percent for cotton lint. Domestic demands for feed 
grains and soybeans are lower under Alternative B because of the reduced 
livestock demands associated with the maximum-export assumption. The 
additional acreage required for Alternative B would be concentrated on 
more marginal, lower-yielding cropland not in production under Alternative 
34 
A. For all four commodities, cultivation of these areas results in 
a lower per acre yield under Alternative B than under Alternative A. 
The same demand quantities are specified for Alternatives B, c, 
D, and E; therefore any farm-size or locational differentials between 
them can be directly translated into changes in input requirements. 
In spite of this constant demand assumption, the estimated production 
of wheat and feed grains varies among these four alternatives. This 
occurs because the programming model is allowed to satisfy part of its 
feed grains demand with the production of wheat, if their relative prices 
makes that substitution profitable. Because of this substitution, feed 
grains production is two million tons greater under Alternative C than 
under Alternative B, while wheat production is 68 million bushels less. 
Since farm-size structure is the only parameter that varies between 
Alternatives B and C, this production shift implies that feed grains 
production would be relatively more profitable and wheat production rela-
tively less profitable if all farms were of medium size than when farms 
of all three sizes exist. 
The national acreage requirement is nearly constant for Alternatives 
B, C, and D. The number of acres required for Alternative E, however, 
is 5.2 million acres less than for Alternative D. The assumption of com-
plete resource mobility under Alternative E allows the production of 
each crop to concentrate in those regions best suited for it and there-
fore results in higher per acre yields for this situation than under 
Alternative D. The largest yield increase is estimated for cotton lint 
with the 628 pound yield of cotton lint under Alternative E being 7 per-
35 
cent greater than under Alternative D. Since Alternatives D and E 
incorporate the same demand quantities and the large-farm structure, 
Alternative E's yield increases are a direct impact of removal of the 
resource mobility restraints. 
Alternatives F and G compare the possible impacts of two different 
methods of implementing a government farm program designed to achieve 
a set of "target" prices. For Alternative F, the model operates as if 
there were no government controls and deficiency payments compensate 
for any difference between market and "target" prices. Under Alternative 
G, however, regional acreage quotas (based on 1969 acreage allotments) 
are imposed to insure that market prices are equal to "target" prices. 
Imposition of these acreage quotas requires 1.6 million more acres to 
be in production than are required if they are not imposed. This ad-
ditional acreage is needed because per acre yields for all four commodities 
are lower under Alternative G. Again, the greatest yield impact is on 
cotton lint, decreasing by 9 percent when the acreage quotas are in effect. 
Regional Distribution of Production 
Although national production and acreage are important variables, 
consideration of only these aggregate variables could mask some important 
regional comparisons, To examine these comparisons, estimates of the 
total acreage required in each of the 10 farm production regions are 
presented in Table 7. Because of rounding error, the national acreages 
presented in Table 7 vary slightly from those of Table 6, For each of 
the model alternatives, Tables 8, 9, 10, and 11 present acreage require-
ments for each commodity at the same regional level. Although the 
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acreage estimates of Tables 8-11 do not include White Area acreages, 
those of Table 7 do. Therefore, the acreages in Tables 8-11 will not 
sum to those in Table 7. 
Nationally, Alternative A requires almost 27 million more acres 
than were harvested in 1972. This increase is not distributed evenly 
among the farm production regions, however. Instead, five regions 
(the Corn Belt, Lake States, Southern Plains, Northern Plains, and 
Mountain regions) would have sharp increases over their 1972 acreages 
but the other five regions (the Pacific, Northeast, Appalachian, South-
east, and Delta States regions) either would have decreases or small 
increases in acreage. For the five regions with major acreage shifts, 
the largest percentage increases would be in the Lake States region, 
21 percent, and the Southern Plains region, 52 percent. 
Compared to Alternative A, the additional exports associated 
with Alternative B require a 10 percent increase in the total number of 
acres needed. Again this increase in acreage is not spread uniformly 
throughout the nation but instead is concentrated in three farm production 
regions; the Southeast, Appalachian and Northern Plains regions. These 
regions account for 17.6 million acres, or 78 percent, of the total in-
crease in acreage estimated between these two situations. 
The increased production of Alternative B causes pressures on 
the model's land base resulting in shifts among the 10 regions in the 
mix of commodities each produces. Wheat production increases greatly 
in the Appalachian, Southeast, and Northern Plains regions but decreases 
by 3.1 million acres in the Lake States region. For feed grains, the 
42 
Corn Belt region would have 4.1 million fewer acres in production under 
Alternative B than under Alternative A while the Northern Plains region 
would have six million additional acres in feed grains. Also, the Lake 
States, Southeast, and Southern Plains regions are estimated to have in-
creases in the acreage devoted to feed grains when exports are expanded. 
Since the Corn Belt region would have fewer acres in feed grains 
under Alternative B, it then has the potential to expand its soybeans 
acreage. This region is estimated to have 24.2 million acres in soy-
beans in this situation, 5.7 million more than under Alternative A. 
The Lake States region is the only other region with a large increase 
in soybeans acreage under Alternative B. 
Nationally, cotton acreage increases by 617,000 acres between 
Alternatives A and B. This acreage increase would be concentrated pri-
marily in the Appalachian and Southeast regions as they account for 96 
percent of the increase in cotton acreage between Alternatives A and B. 
The acreage requirements for Alternatives B, C, and D remain 
fairly stable at both the national and regional level because the land 
base of the model is being utilized at full capacity in each of the 
situations. However, significant shifts in land usage result between 
Alternatives D and E. These alternatives vary only in that the 
resource mobility restraints associated with Alternative D are removed 
for Alternative E. Therefore, Alternative E represents a maximum effi-
ciency future where all farms would be large and resources would be 
completely mobile between crops and between geographical areas. The 
bulk of the 5.6 million acre reduction estimated under Alternative E 
43 
occurs in the Northern Plains regions which would have 3.5 million 
fewer acres in production in the maximum efficiency case. The decrease 
in acreage in this region is concentrated in reductions in feed grains 
production. 
The location of cotton production is greatly affected by removal 
of the resource mobility restraints. Under Alternative E, 780,000 
fewer acres are needed for cotton production than under Alternative D. 
Regions which would have fewer acres in cotton under Alternative E 
are the Southeast, Corn Belt, and Delta States regions. In contrast, 
significant increases in cotton acreage would occur in the Appalachian 
and Pacific regions. 
Alternatives F and G differ in that acreage quotas to limit the 
acreage devoted to wheat, feed grains, and cotton in each rural area 
are imposed for the latter case but not for the former. The more ineffi-
cient production patterns resulting from these quotas require an additional 
1.5 million acres of cropland under Alternative G. The Northern Plains 
and Appalachian regions both would have significant increases in acreage 
in production for this case. In contrast, the Delta States, Southern 
Plains, Mountain, and Pacific regions would have sharp decreases in 
acreage (as compared to Alternative F)o 
The acreage quotas have a major impact on cotton production as 
Alternative G requires 959,000 more acres in cotton than does Alternative 
F. Increases in cotton acreage are concentrated in the Corn Belt, 
Appalachian, Delta States, and Southern Plains regions. Conversely, the 
Southeast, Mountain, and Pacific regions under Alternative G are con-
-~~~-------------------
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strained to only 61 percent of their cotton acreage under Alternative F. 
Supply Prices 
For each of the model alternatives the programming model generates 
those prices necessary to call forth the quantity of output demanded in 
each situation. To determine these prices, the programming model chooses 
the rural area with the lowest per unit production costs to enter the 
solution first. (Here land costs are not a part of the cost of pro-
duction, but land owners are assumed to receive any residual return from 
production), It then selects rural areas with increasingly higher pro-
duction costs until the specified demands for each alternative are exactly 
satisfied, Because the model operates as if agriculture were a per-
fectly competitive industry, the cost of production in the highest-cost 
rural area selected is the supply price applicable throughout the rest 
of the industry (abstracting for the moment from price differentials 
due to transportation costs), In those rural areas with lower costs than 
in the last rural area, the difference between their production costs 
and the national supply price is considered to be a residual return to 
land. Table 12 presents the national supply prices estimated for each 
of the seven model alternatives. These estimates represent prices at 
the farm level and don't include charges for transportation between con-
suming regions. 
The farm price estimated for wheat and feed grains under Alternative 
A is nearly equal to the 1972 price for these commodities but is 
significantly higher than their 1969-72 average price, Under Alter-
native A the estimated supply price for cotton lint, 33,7 cents per 
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pound, is well above both the 1972 price and the 1969-72 average price. 
No acreage would be diverted from production under Alternative A and 
the availability of this additional cropland allows a tremendous in-
crease in soybean production even though the estimated price of soy-
beans, $2.85 per bushels, remains significantly lower than in 1972. 
The per bushel price of soybeans under Alternative A is only 27 cents 
less than the 1969-72 average price, however. 
As production is expanded to satisfy additional export demands, 
land with higher per acre production costs must be utilized--leading to 
increases in the estimated supply price. This relationship is evidenced 
by the price differentials estimated between Alternatives A and B. 
(Expansion of exports is the only difference between these two situations.) 
For each of the commodities, per unit prices under Alternative B rise 
sharply over their level under Alternative A. These price differentials 
are 81 cents for wheat, 62 cents for feed grains, $1.82 for soybeans, 
and 3.2 cents for cotton lint. The relatively large increase for soy-
beans, 64 percent over Alternative A, again reflects the greater impact 
of export fluctuations on soybean producers. 
Alternatives B and C both assume expanded exports but the former 
incorporates the typical-farm structure while the latter incorporates 
the medium-farm structure. Per unit supply prices are nearly equal for 
these two situations indicating that an industry composed of all medium-
sized farms could provide these commodities for a similar cost as one 
composed of a mixture of small, medium, and large farms. 
Comparison of farm supply price estimates under Alternatives D 
47 
and B provides an indication of the effects of possible scale economics 
associated with a farming industry composed of all large farms. For 
all four commodities, the supply price necessary to produce the demands 
associated with Alternative D is significantly lower than under Alter-
native B even though the same demand levels are assumed for both. Per 
unit price differentials are estimated at 33 cents for wheat, 28 cents 
for feed grains, 74 cents for soybeans, and 6.9 cents for cotton lint. 
Resource mobility restraints, based on 1969 production patterns, 
are incorporated in each of the model alternatives except Alternative 
E. Comparison of supply prices for this situation with those of Alter-
native D indicates potential reductions in crop prices if these mobility 
restraints could be removed. Per unit, these price differences are 55 
cents for wheat, 25 cents for feed grains, 67 cents for soybeans, and 
6.9 cents for cotton lint. These rather large price reductions in-
dicate that potential efficiencies may exist through the removal of 
'fixity' in regional production patterns even when compared to the 
large-farm case of Alternative D. 
For wheat, feed grains, and cotton lint the supply prices 
estimated under Alternative G equal the "target" price levels of the 
Agricultural and Consumer Protection Act of 1973 (35). For Alter-
native F, however, the model is allowed to determine a supply price 
without these acreage quotas. Therefore, any price differentials be-
tween these two situations reflect the direct price impact of Alter-
native G's supply restrictions. Per unit price reductions of 26 cents 
for wheat, 3 cents for feed grains, 22 cents for soybeans, and 5 cents 
48 
for cotton lint are estimated for Alternative F (as compared to 
Alternative G). 
Farm Sector Returns 
The linear programming model provides data on production and 
price for four major crop commodities; wheat, feed grains, soybeans, 
2nd cotton. Although this data is itself interesting and useful, 
observers of American agriculture are also concerned with variables 
such as cash receipts to the farm sector, net income from farming, and 
per farm net income. To provide information regarding these variables 
for the model situations, procedures were developed which tie the value 
of these variables to the results of the programming model. The pro-
cedures used to estimate cash receipts and production expenses are 
described in detail in Appendix B. 
To calculate demands for the major livestock products, it is 
necessary to specify the farm price of these products. The equati~ns 
used to estimate per capita consumption of the major livestock products 
in this analysis [29] contain retail prices as explanatory variables. 
By incorporating a constant farm-to-retail price spread [67], these 
retail livestock prices are related to farm prices. (This procedure 
is described more fully by Koo [16].) An iterative process is employed 
to arrive at livestock prices consistent with the resulting supply 
prices of the crop commodities. Basically this process operates as 
follows: First, a price is chosen for each livestock product and a 
demand quantity is estimated based on this price. From this live-
stock demand, a derived demand for livestock feed is computed and added 
49 
to the other demand categories for feed grains·and soybeans. The pro-
gramming model then estimates supply prices for the crop commodities 
based partially on the demand for livestock. These supply prices are 
then compared with the initial livestock prices and a judgement is made 
as to their relative consistency. 
If the livestock price is judged to be too high relative to the 
crop prices (i.e. 60c/pound beef vs. 90c/bushel corn), the initial 
livestock price is lowered increasing the quantity of livestock 
feed needed. (A reverse process is employed if livestock prices are 
judged to be too low.) In the programming model the resulting increase 
in crop production will be forced into areas with higher production 
costs, raising the national supply price of the crops. This process 
continues until crop and livestock prices are rela.tively consistent. 
The goal of this process is not to predict the price of livestock in 
1980. Rather, the process is designed to address the following 
question: Given the initial conditions and parameters (including 
livestock prices) of Alternative A, if those conditions and parameters 
vary what is the direction and magnitude of the impacts of those 
changing conditions? 
In the analysis one set of livestock prices is associated with 
each different demand ~uantity for livestock products. The resulting 
three sets of prices are presented in Table 13. 
so 
Table 13. Selected prices for major livestock products. 
Livestock class Model alternatives~/ 
A,F G B,C,D,E 
Beef (~/lb.) 
Pork (~/lb.) 
Broilers (~/lb.) 
Lamb (~/lb.) 
40.0 
31.0 
20~0 
34.0 
42.0 
33.0 
21.0 
36.0 
~11 prices for 1980 are reported in 1972 dollars with no 
adjustment for inflation to 1980. 
Incorporating the above livestock price data in the procedures 
48.0 
37.0 
24.0 
41.0 
of Appendix B, cash receipts are estimated for each situation. These 
estimates, as well as the other national farm income variables, are 
given in Table 14. Estimated cash receipts under Alternative A, $68.9 
billion, are almost $8.3 billion, or 14 percent, greater than 1972 
actual receipts. However, production expenses for the model situation 
are also higher than in 1972. Therefore net receipts under Alternative 
A increase by $5.4 billion over those of 1972. Since no government 
payments are included, net returns and net farm income are equal under 
Alternative A. In 1972, however, almost $4 billion dollars was paid 
to the farm sector from government sources. This explains why total 
net farm income under Alternative A is nearly equal to that of 1972 
even though estimated net returns are $4.6 billion greater than in 1972. 
To relate these total income figures to individual farming opera-
tions, estimates of the number of commercial farms required for each 
of the model alternatives are made. Essentially, the farm-size trends 
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from 1959 to 1969 are projected to 1980 for each farm-size structure 
for each state. These farm-size projections are combined with the 
production estimates of the programming model to calculate'the number 
of commercial farms required for each of the seven alternatives. 
(This procedure is described more completely in Appendix c.) The 1.7 
million farms estimated under Alternative A are 112,300 less than the 
number of farms in operation in 1972. Net income per farm for this 
alternative, $12,193, is $1,094 more in 1972 and $2,307 more than the 
1969-72 avera~e. These increases in per farm net income are estimated 
even though no government payments to agriculture are included in 
Alternative A. 
As crop production expands under Alternative B, cash receipts 
from crops increase because of the additional volume of production re-
quired and the higher per unit supply price that additional production 
requires. Livestock production decreases under Alternative B but price 
increases offset the production decline and receipts from livestock 
also increase. Total cash receipts under Alternative B, $83.0 billion, 
are $14.1 billion greater than under Alternative A. Increases in pro-
duction expenses reduce the net receipts differential between the two 
cases to $12.4 billion. When translated to a per farm basis, expanded 
exports result in a $5,372 increase in net income over that estimated 
with the trend exports of Alternative A and a $6,466 increase over 1972 
levels. 
Alternatives B and C differ only in that the former incorporates 
the typical-farm structure while the latter incorporates the medium-
54 
farm structure. For the income variables in Table 14 onlyslight 
differences result between these two situations. The largest difference 
is in net income per farm which is $2,865 greater for Alternative B. 
Lower per farm income results under Alternative C because the medium-
farm structure implies a slightly smaller average farm size, and there-
fore more farming operations, than does the typical-farm strucutre, 
The large-farm structure is incorporated within Alternative D. 
Cash receipts under this alternative decrease from their level under 
Alternative B because of the lower supply prices estimated for crops 
under Alternative D. Production expenses also decrease, by almost $5.4 
billion dollars, between these two cases. (The procedures described in 
Appendix B assume the scale economies computed in the programming model 
for wheat, feed grains, soybeans, and cotton are relevant for other 
agricultural commodities.) Since production expenses under Alternative 
D fall by more than do cash receipts, total net farm income for this 
alternative is $1.4 billion, or 4 percent, more than for Alternative 
B. However, only 1.1 million farming units would be required under 
Alternative D. This drastic reduction in farm numbers results in a 
greatly expanded per farm net income for this situation. Net income 
per farm under this alternative, $32,484, is $14,919 greater than for 
Alternative B and $20,291 more than for Alternative A. Although 
relatively high incomes are implied for those farmers who remain in 
farming in the situation with larger farming units, the drastic re-
duction in farm numbers associated with this alternative implies a 
considerable adjustment problem for American agriculture. 
55 
Alternative E is designed to represent a maximum efficiency 
scenario for American agriculture and is the only alternative in the 
analysis not incorporating the 50 percent resource mobility restraints. 
Without these restraints, the programming model can select the most 
efficient production pattern available to it without regard to con-
straints resulting from previous production patterns. Both cash 
receipts and production expenses are less under Alternative E than for 
either Alternatives B or D. Since cash receipts decrease by slightly 
more than production expenses, net income to the farming sector is 
slightly lower than for the other two cases. However, net income per 
farm under Alternative E, $30,128, is much greater than for Alternative 
B and only slightly less than under Alternative D. 
Alternatives F and G compare two possible methods of implementing 
a government farm program designed to attain a specified farm price for 
wheat, feed grains, and cotton lint. Cash receipts under Alternative 
G, $70.8 billion, are $2.2 billion higher than under Alternative F 
because of the lower market prices of the latter case. Production ex-
penses are nearly equal for these two cases as the more inefficient 
production pattern imposed under Alternative G is offset by the greater 
volume of production associated with Alternative F. Estimated net 
returns to the farming sector for these two alternatives differ by 
$2.2 billion. 
In both instances, government payments would be made to the 
agricultural industry. For Alternative F, an estimated $812.5 million 
would be needed as a deficiency payment to bring market prices to 
56 
'target' price levels. For Alternative G, it was assumed that 
payments would be needed to insure that cropland remains out of 
production. The average per acre return estimated in the programming 
model was chosen as the payment needed to induce farmers to withdraw 
land from production, This payment amounted to $687 million for the 
entire agricultural sector. With these payments, total net farm income 
under Alternative G is $2.1 billion greater than under Alternative F. 
On a per farm basis, net income under Alternative F, $10,667, is 
$1,098 less than for Alternative G. 
Consumer Food Costs 
As evidenced by the recent consumer dissatisfaction with· rising 
food costs, events which affect the price of food are of great concern 
to American consumers. Recognizing this concern, three estimates of 
consumer food costs are made in this analysis. These estimates 
relate to the three different quantities of livestock products defined 
1 for this study. Table 15 presents the three estimates as well as 
actual data for recent periods. 
Under Alternatives A and F estimated consumer expenditures are 
higher than 1972 expenditures, both on a total and a per capita basis. 
Total expenditures, $171.6 billion, would be 48 percent above 1972 
1 Consumer expenditures for meat products, poultry and eggs, and 
dairy products are estimated directly from the quantity and price data 
used in the demand section of the analysis. Equations to estimate ex-
penditures for the four products in the other category are from Heady 
and Sonka (11). 
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~Jhile per cap ita expenditures are 33 percent greater, with most of 
the increase being concentrated in the meat products and other 
categories. 
When exports are expanded as under Alternatives B, C, D, and E; 
the resulting higher prices for livestock feed are translated into 
higher food costs for the American consumer. Expenditure estimates for 
the expanded export case are $4.9 billion greater than for Alternative 
A. On a per capita basis, this amounts to $21 per person. 
The higher feed expenditures estimated for Alternative G reflect 
the production inefficiencies of the acreage quotas of that alternative. 
Compared to Alternative F, estimPoted food expenditures are $1.3 billion, 
or $5 per person, more because of those acreage quotas. 
Input Requirements 
Each of the seven model alternatives requires a different 
quantity and mix of productive inputs to attain its desired level of 
production. Changes in both the quantity of inputs required and the 
combination in which they are used hm~e impacts on the farming industry 
and on the suppliers of these inputs. Tables 16 and 17 present the 
estimated value of purchased inputs and the estimated hours of labor, 
respectively, required for each of the model alternatives. 
The demand for inputs jumps sharply as exports are expanded and 
additional acres are brought into production. Nationally, the value 
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of purchased inputs would increase by 9 perce~t and labor requirements 
by 11 percent under Alternative B (as compared to Alternative A). For 
purchased inputs, the largest differences between Alternative A and B 
occur in the Appalachian region, 35 percent, the Southeast region; 52 
percent, and the Northern Plains region; 22 percent. These same regions 
would have 51, 63, and 22 percent increases, respectively, in the hours 
of labor required under Alternative B. 
Alternatives B and C differ only in that the former incorporates the 
typical-farm structure and the latter incorporates the medium-farm struc-
ture. Nationally, the former alternative is estimated to be slightly 
more labor intensive, requiring 5 percent more labor than Alternative 
C. Both situations would have nearly equal purchased input requirements. 
Production under Alternative B is estimated to require 15 percent 
more purchased inputs and 20 percent more labor than under Alternative D. 
Since the demand quantities are equal for these two situations, this input 
reduction results from scale economics associated with the larger pro-
ducing units of Alternative D. The relatively greater reduction in 
labor usage between the two situations indicates that Alternative D 
with its large-scale operations is relatively more capital intensive 
than Alternative B. 
If resources were to become completely mobile between crops and 
between geographic areas, as under Alternative E, shifts in the location 
of demand for productive inputs would occur. Compared to Alternative 
D, significant reductions in input usage are estimated under Alternative 
62 
E for the Southeast and Delta States regions. Labor and purchased 
input requirements decrease by 16 and 13 percent, respectively, for 
the Southeast region and by 26 and 20 percent, respectively, for the 
Delta States regions. A sizeable increase in input usage, however, 
is estimated for the Pacific region. In this region a 403,600 acre 
increase in cotton acreage between Alternatives D and E leads to a 12 
percent increase both in the requirement for purchased inputs and in 
labor usage under Alternative E. 
Nationally, the value of purchased inputs required for Alternative 
G is estimated to be slightly higher than for Alternative F. Labor 
usage, however, would be slightly lower under Alternative G. These 
relatively similar national input requirements occur even though more 
production is specified under Alternative F. The Appalachian and Delta 
States regions would have markedly greater input requirements under 
Alternative G than under Alternative F. Conversely, as cotton pro-
duction shifts out of the Mountain and Pacific regions under Alternative 
G significant reductions in input usage result in those regions. 
Soil-Loss Impacts 
As additional acres are brought into production, greater stress 
is placed on the land and water. resources of rural America. Since 
much public concern has recently been directed towards environmental 
issues, estimates of gross soil-loss are calculated for each model 
situational These estimates, expressed in index form, are reported in 
1These estimates are the product of the acreage requirements of the 
programming model solutions and regional per acre soil-loss estimates 
from a study done previously at Iowa State University (25). 
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Table 18 for the nation and the ten farm production regions. These index 
values are calculated so that the soil-loss estimate under Alternative 
A is equal to 100 for each region and the values for the other alter-
natives represent the percentage change from Alternative A. 
Nationally, the additional exports of Alternative B result in an 
estimated 11 percent increase in gross soil-loss over that estimated for 
Alternative A. The impact of the higher export levels on soil erosion 
varies greatly among the ten farm production regions, however. In the 
Northeast and Pacific regions, the model's land base is fully utilized under 
Alternative A. Therefore, increasing national exports and production have 
no soil-loss effect in these regions. In contrast, very large increases 
in soil-loss are estimated for the Appalachian, Southeast and Northern 
Plains regions. Gross soil-loss estimates for these regions would be 37, 
44, and 18 percent higher, respectively, under Alternative B. These sharp 
increases in soil-loss, and the resulting deterioration of water quality, 
represent an additional cost of expanded agricultural exports to residents 
of these regions. Soil-loss estimates in the remaining five farm produc-
tion regions are also higher under Alternative B than under Alternative A--
but by no more than 12 percent. Since the model's land base is nearly fully 
utilized under each of the maximum export alternatives (Alternatives B, C, 
D, and E), the national and regional soil-loss estimates for these alterna-
tives are very similar, with only slight decreases noted for Alternative E. 
T
ab
le
 
18
. 
E
st
im
at
es
 
o
f 
s
o
il
-l
o
ss
 
o
n
 
a 
n
a
ti
o
n
al
 
a
n
d 
o
n
 
a 
fa
rm
 p
ro
d
u
ct
io
n
 
r
e
g
io
n
 b
as
is
 
fo
r 
e
a
c
h 
o
f 
th
e 
m
o
de
l 
a
lt
e
rn
a
ti
v
e
sa
 
R
eg
io
n 
M
od
el
 
a
lt
e
rn
a
ti
v
e
s 
A
 
B
 
c 
D
 
E 
F 
G
 
U
n
it
ed
 S
ta
te
s 
10
0 
ll
l 
ll
l 
ll
l 
10
9 
10
0 
10
1 
N
o
rt
h
ea
st
 
10
0 
10
0 
10
0 
10
0 
10
0 
10
0 
10
0 
C
or
n 
B
e
lt
 
10
0 
10
2 
10
2 
10
2 
10
2 
10
2 
10
2 
L
ak
e 
S
ta
te
s 
10
0 
10
2 
10
2 
10
2 
10
2 
10
0 
10
0 
A
p
p
al
ac
h
ia
n
 
10
0 
13
7 
13
7 
13
7 
12
8 
88
 
10
0 
S
o
u
th
ea
st
 
10
0 
14
4 
14
8 
14
8 
14
4 
10
7 
ll
l 
"
' 
-
I'-
D
el
ta
 S
ta
te
s 
10
0 
11
2 
11
2 
11
2 
11
0 
10
2 
98
 
S
o
u
th
er
n
 P
la
in
s 
10
0 
10
4 
10
4 
10
4 
10
4 
J.O
 3
 
99
 
N
o
rt
h
er
n
 P
la
in
s 
10
0 
11
8 
11
8 
11
8 
11
5 
10
0 
10
6 
M
ou
nt
ai
n 
10
0 
10
8 
10
8 
10
8 
10
2 
98
 
89
 
P
a
c
if
ic
 
10
0 
10
0 
10
0 
10
0 
10
0 
10
0 
82
 
a
E
x
p
re
ss
ed
 a
s
 
a
n
 
in
d
ex
 v
a
lu
e 
w
it
h
 
th
e 
s
o
il
-l
o
ss
 
e
s
ti
m
at
e 
u
n
de
r 
A
lt
e
rn
a
ti
v
e
 A
 
10
0 
fo
r 
e
a
c
h 
r
e
g
io
n
. 
65 
Because of the similar estimated demands for Alternatives F and 
G, production patterns do not vary drastically between these two 
situations. Therefore the national and most of the regional soil-loss 
estimates are nearly equal for these two situations. The acreage 
quotas associated with Alternative G force increases in harvested 
acreage in the Appalachian, Southeast, and Northern Plains regions 
(compared to Alternative F) while simultaneously forcing cotton pro-
duction out of the Mountain and Pacific regions. These acreage shifts 
result in corresponding changes in the level of soil-loss estimated 
for these regions. 
Secondary Income Generation 
Many of the nations nonfarm people are affected by changes in 
the level of activity or in the structure of the American farming 
industry. The farm input supplier and output processor are directly 
affected by changes in the quantity of farm products produced but the 
impact of these changes does not end with this group. Rural people, 
including those who work in nonagricultural business occupations, rely 
on the same services as farmers do. Therefore, if the farm population 
changes, the availability and cost of these services to other rural in-
habitants will also change. In addition, the many backward and forward 
linkages of a basic industry such as agriculture extend to towns and 
cities much larger than the traditional·rural village. For example, the 
livelihood of urban workers who manufacture farm machinery is also 
dependent on the level of activity in the farming sector~ To provide 
66 
a basis to examine these impacts, indices are developed which relate 
the value of production of wheat, feed grains, soybeans, and cotton to 
the total income generated throughout the nation by the production of 
h d . . 1 t ese commo 1t1es. These secondary income indices are presented in 
Table 19. 
To provide direct comparisons among the seven model alternatives, 
the income generation outcomes of Alternative A have been normalized 
to equal 100 and the outcomes of each of the other alternatives are 
adjusted to reflect the degree of change each represents from that 
alternative. For example, the national index value of 156 for Alter-
native B refers to a 56 percent increase in the total income generated 
by the four commodities endogenous to the programming model. (This 
does not refer to the total income being generated in the u.s. economy 
but rather only that income generated by the endogenous crops.) The 
large increase estimated at the national level for Alternative B also 
occurs at the farm production region level. Those farm production 
regions in which secondary income index values increase by the greatest 
percenta.'ge under Alternative B are those that have the most significant 
change in production compared to the trend export situation (the Appalachian 
Northern Plains and Southeast regions). 
Both Alternatives B and D incorporate the maximum export assumption 
but the typical-farm structure is associated with the former alternative 
1The income generation factors used in this study are defined 
as follows: the amount by which the total income in the United States 
economy will increase because of the production of an additional $1 
worth of output in the wheat, feed grains, soybeans, and cotton sectors. 
The processes used to derive these factors are described in Appendix A. 
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and the largc-fc.rrtl structure is associated with the latter. The 16 
percent decrease in income generation estimated for Alternative D re-
sul ts from the lower farm prices of this alternative and, in addition, 
rc·fle<.:ts the lesser quantity of inputs required by the large-farm 
stru<.:ture. For each farm production region approximately the same 
differenticl exists between these alternatives as is noted at the 
national level, 
Camparison of Alternatives D and E reflects the impact of resource 
mobilitv restraints on secondary income generation. As production is 
concentrated in areas which use relatively fewer resources, the es-
t imnt ed second:uy income effect also declines in those regions which 
lose production. Nationally, a 17 percent decrease is estimated 
between Alternatives D and E. Regionally, the most significant re-
duction occurs for the Southeast and Delta States regions both of which 
produce much less cotton when the resource mobility restraints are 
removed. 
The national income iqdex values estimated for Alternatives A, F, 
and G are very similar as are most of the regional values for these 
h 1 . 1 t ree a ternat1ves. Under Alternative G the only region to have a 
markedlv 1 ower income index value than under Alternative F is the Pacific 
region, This region would have a sizeable decrease in cotton and wheat 
production when Alternative G's acreage quotas are imposed, There-
1Farm income from either direct price support or acreage diversion 
payments is not included in the value of farm output estimates for Alter-
natives F and G. It is assumed that these payments reflect income trans-
fers within the nation rather than income generationo 
69 
duction in income generation noted for the Pacific region results even 
though the market prices of Alternative G are higher than those of 
Alternative F. 
Because we relate value of output to secondary income generation, 
supply control programs, such as in Alternative G, may be estimated to 
have positive secondary income effects even though they act to reduce 
farm output. Any reduction in farm output, however, is not likely to 
have positive effects on a small rural community whose main source of 
employment is processing farm output or supplying farm inputs. But, 
the additional farm income associated with a supply control program 
will generate economic activity in larger rural towns serving as trade 
centers for the farming industry. Despite this, it should be emphasized 
that supply control type programs may have negative, rather than 
positive effects, for the small rural village more dependent on the 
quantity of farm output produced than on the value of that output. 
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V. SUMMARY 
The ob;ective of this analysis is to examine possible impacts of 
alternative futures for three basic parameters of the American agricul-
tural industry. These parameters are export levels, farm size and struc-
ture, and government farm policies. To compare these differing futures, 
seven separate situations are defined to form a set of contrasts, relating 
to the future of American agriculture. 
To provide quantitative estimates for these alternatives, an inter-
regional linear programming model describing the wheat, feed grains, soy-
beans and cotton sectors of American agriculture was adopted as the basic 
tool of the analysis. This model incorporates an interregional compara-
tive advantage production sector, a transportation sub-model, and the ful-
fillment of consumer demands in 31 market regions. Production costs, crop 
yields, and consumer demands in the model are based on parameters estimated 
for the year 1980. 
For each alternative situation, the study's programming model 
provides estimates of the value of key farm and nonfarm variables. Vari-
ables directly related to farming include farm commodity prices, produc-
tion quantities and location, demand for agricultural inputs, number of 
commercial farms, and net farm income. Although these variables are directly 
related to farming, their value under alternative situations is also of 
major concern to those rural communities and nonfarm sectors which serve 
71 
the farming industry. Nonfarm variables discussed include consumer food 
expenditures, changes in the level of gross soil-loss, and changes in the 
amount of income generated by production of the model's four endogenous 
commodities. Table 20 presents a summary of the major parameters and na-
tional results estimated for this analysis. This table details the major 
trade-offs resulting (at the national level) among the alternative futures 
analyzed. 
Alternative A represents the base situation for the analysis. 
It incorporates the assumption of trend growth in agricultural exports, 
technology, and average farm size. Soybean and feed grain production es-
timates in this situation would be well above 1972 levels, reflecting very 
strong foreign and domestic demands for the commodities. Wheat production, 
however, would be nearly equal to that of 1972 and cotton and lint produc-
tion falls to two million bushels less than in 1972. In total, the pro-
duction levels of this situation requires 26.5 million more acres than 
were harvested in that year. These additional acres would not be spread 
evenly throughout the nation, however, and instead are concentrated in the 
Corn Belt, Lake States, Northern Plains, Southern Plains and Mountain 
regions. 
Wheat and feed grains supply prices in this situation are estimated 
at levels equivalent to 1972 prices while the estimated price of cotton 
lint is 7 percent above the 1972 price. The price of soybeans is estimated 
to be much lower than in 1972, in part due to the availability of cropland 
diverted from production in that year. Net farm income for this situation 
is nearly equal to the 1972 income--even though no government payments to 
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agriculture would be included in the model estimate. And since farm num-
bers are estimated to decline by 112,300 units in this base situation, 
its per farm net income, $12,193, rises by $1,094 above that of 1972. 
A major objective of this analysis is to examine the impact of ex-
port levels large enough to totally utilize the model's supply capacity. 
In Alternative B, therefore, exports of each of the model commodities 
are forced to be 25 percent greater than trend level exports. (This per-
centage increase is just sufficient to exhaust the programming model's land 
base.) These expanded export demands induce increases in production for 
all four crop commodities. Feed grain production in this circumstance, 
however, is only slightly greater than in the trend export situation because 
of reduced domestic demand for livestock in the supply capacity situation. 
This alternative's increased production requires 22.7 million more acres 
than estimated under the trend export assumption. These additional acres 
tend to be concentrated in those regions (the Appalachian, Southeast, and 
Northern Plains) estimated to have excess capacity in the trend ~xport si-
tuation. 
As production is expanded onto more marginal, higher cost areas 
in the maximum production situation, the supply price of the model commo-
dities rises sharply. The largest relative increase is estimated for soy-
beans whose supply price jumps by 64 percent, from $2.85 per bushel with 
trend exports to $4.67 per bushel for the. maximum export situation. Ex-
panded production and higher farm prices lead to sharply higher income 
estimates for this situation. Per farm net income for the expanded ex-
port case, $17,565, is $5,372 greater than for the trend export situation. 
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As production and farm income increase, the total income generating 
potential of the model commodities also increases. Nationally the increase 
in income generation is estimated at 56 percent for the maximum export 
case. Since the Appalachiau, Southeast, and Northern Plains regions would 
have relatively large production increases in the maximum export case, 
they also have relative large increases in their income generating po-
tential in this circumstance. This estimate, coupled with increased input 
usage associated with expanded exports, implies an increase over Alternative 
A in the level of economic activity in rural communities. 
The expanded export situation does not have entirely positive out-
comes, however. Even though consumption levels are reduced, consumer 
food expenditures in this instance are estimated to increase by $21 per 
person over the situation with trend exports. Also, expansion of.pro-
duction places increased stress on the nation's land and water resources. 
Nationally, the gross soil-loss estimate under maximum production is 11 
percent greater than for the trend export situation. Estimated increases 
in soil-loss in the Appalachian and Southeast regions are well above the 
national increase as these regions tend to be relatively more susceptible 
to erosion and run-off. 
Three different farm-size situations were defined for the analysis. 
One (Alternative D) assumes all farming operations are large, one (Alter-
native C) assumes all farms are medium-sized, and the third (Alternative 
B) assumes a range of farm sizes exists. These farm-size specifications 
are compared under the assumption that exports are at the maximum level. 
Outcomes are estimated to be nearly equal for the situation where all farms 
are medium sized and when a mix of farm sizes exists. Since average farm 
size is smaller for the former case, however, per farm net income for the 
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medium farm-size situation is estimated to be only 77 percent as large as 
when a range of farm sizes is assumed. The generally consistent results 
estimated for all the other output variables, however, does imply that 
the four model commodities could be supplied equally well 'in either of 
the two situations. 
When all farms are assumed to be large, substantial differences are 
estimated for many variables--even though demands for the model commodities 
are held constant in the three alternatives. For each commodity, lower 
supply prices are estimated for this situation than in either of the other 
farm-size situations. Per unit these price reductions are 33¢ for wheat, 
28¢ for feed grains, 74¢ for soybeans and 6.9¢ for cotton lint. These 
price reductions result in decreases in total cash receipts for the farm-
ing sector but that decrease is more than offset by reduced production 
expenses. And since the number of farming units in the large-farm 
situation is 827,900 less than when a mix of farm sizes exists, per farm 
net income is 85 percent greater in the large-farm case. 
Although per farm income is higher for the large-farm alternative, 
the reduction in total receipts as well as the decreased input require-
ments of this situation have negative effects on rural communities 
serving agriculture. Nationally, the income generation potential of the 
_large farm situation is only 84 percent of that estimated when a mix of 
farm sizes is assumed.' 
For six of the model's seven alternatives, resource mobility re-
straints are imposed to force the location of production in the model situ-
ations to be partially influenced by past production patterns. However, 
in one situation (Alternative E), these artificial constraints are removed 
to indicate the most efficient production distribut:ion available in the 
76 
programming model. Even though the same demand quantities are assumed for 
both situations, removal of these restraints allows 5.2 million acres 
that are required in Alternative D to be freed from production in this 
situation. As areas are allowed to concentrate on production of those 
commodities for which they have the greatest advantage, per acre yields 
increase thereby reducing this alternati~e's total land requirement. 
In addition, fewer inputs are needed for this 'most efficient' 
situation. Supply prices, therefore, can decrease for each of the model 
commodities. Compared to the alternative with identical parameters ex-
cept for resource mobility restraints, per unit supply prices are lower 
/ 
by 55~ for wheat, 25~ for feed grains, 67~ for soybeans and 6.9~ for 
cotton lint when the mobility constraints are removed. Although these 
lower supply prices imply lower consumer food expenditures, they and the 
decreased input requirements imply a reduced level of income generation 
for rural communities. 
The third parameter considered in this analysis is the method of 
implementing a government farm policy designed to attain a desired set 
of farm prices. The set of prices chosen are the target prices of the 
1972 Agricultural and Consumer Protection Act. One situation (Alterna-
tive F) assumes the market operates to achieve a set of market-clearing 
prices and deficiency payments to producers are used to raise the market 
prices to the desired level. Another situation (Alternative G) incorpor-
ates acreage allotments to force market prices to equal the target prices. 
In both situations, export demands are set at trend levels. 
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Per unit supply prices determined in the deficiency payment situation 
are less than the target level by 26¢ for wheat, 3¢ for feed grains, 22¢ 
. 
for soybeans and 5¢ for cotton lint. Supply prices for the acreage allot-
ment case, of course, are equal to the desired levels. The higher 
feedstuff prices of the latter situation are translated into reduced 
livestock product and livestock feed demands than for the deficiency 
payment alternative. Despite the slightly reduced demand associated 
with the acreage allotment situation, the more inefficient production pat-
tern forced by the allotment system requires an additional 1.6 million 
acres to be in production. 
Both situations would require government payments to the agricultur-
al sector. Deficiency payments of $812.5 million are required in the first 
alternative and a payment of $687 million is assumed to be necessary to 
insure that acreage is idled in the acreage allotment system. For the 
latter situation, the average per acre return estimated in the programming 
model was used to compute the acreage diversion payment. 
An interesting contrast is presented when the same farm structure 
as is assumed for the last two alternatives is combined with the maximum 
export assumption (Alternative C). Adoption of the supply capacity 
assumption allows near fulfillment of the target price goal with no 
government payment to the farming sector. Per unit supply prices for 
. wheat and feed grains in the maximum export situation exceed the desired 
levels by 58¢ for wheat and 62¢ for feed grains while the price of cotton 
lint is only 2¢ less than the target price of 38¢. In addition the 
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maximum export price of soybeans is $1.56 per bushel greater than under 
the acr~age allotment situation. 
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APPENDIX A: DEVELOPMENT OF SECONDARY INCOME 
GENERATION INDICES 
One goal of this study is to indicate the total income 
effects of the model alternatives. To estimate this effect, 
income-generation factors are developed which relate the value 
of production of wheat, feed grains, soybeans, and cotton to 
the off-farm income that production generates. These income-
generation factors are developed using relationships of input-
output analysis. While this appendix does not provide a 
detailed discussion of the theories underlying input-output 
analysis, it does provide a description of the concepts used 
to construct the income-generation factors of this study (20, 
27). 
A transaction table serves as a double-entry ledger of an 
economy and is the starting point for input-output analysis. 
Table21 presents a hypothetical transactions table which will 
be used throughout the following discussion as an example of 
the procedures used in this study. To construct the trans-
actions table, each producing sector of the economy (sectors 
A, B, C, and H in Table 21 is assigned a row and a column in 
the table. The row assigned to each sector describes the 
distribution of the output of that sector throughout the 
economy. The column assigned to each sector shows from what 
sectors in the economy that sector purchases its inputs. 
Therefore, every element of the transactions table can be 
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viewed in two ways. For example, the 16 dollar transaction 
between sectors A and B (first row, second column: Table 21) 
can be looked upon either as the sale of part of the output of 
sector A or as a purchase of inputs by sector B from sector A. 
Sector H represents the household sector of the hypothet-
ical economy. In input-output analysis the household sector 
can be included either as one of the producing sectors or as a 
part of the final demand sector. In Table 21, households are 
included as a producing sector; therefore, consumption 
purchases are regarded as inputs to the production process of 
the household sector and labor is the output of the household 
sector. 
The final demand sector in Table21 corresponds to 
autonomous demand for the output of the producing sectors. It 
includes such things as inventory accumulation, exports from 
the economy, government purchases, and other exogenous demands. 
The final payments sector in Table 21 introduces the value of 
the inputs purchased from outside the producing sectors of the 
economy; including such items as imports, purchases from 
existing inventory stocks, or depreciation allowances. The 
final column of Table 21, the total output column, is the 
summation of value of output sold throughout the economy by 
each sector and the final row of the table (total outlay) is 
the total purchases of inputs by each sector. Total output 
and total outlay must be equal for each producing sector. 
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The direct requirements table (Table22) is constructed 
from the transactions table and presents each transaction in 
the economy as a proportion of the total outlay of each 
sector. Each column entry in Table 22 represents the proper-
tion of each dollar's worth of inputs that column sector 
purchases from the row sector. Therefore, each column con-
tains the production function (in value terms) of that sector. 
In the example, every dollar of inputs purchased by sector A 
contains 20.3 cents worth of the output of sector H. The 
direct requirements table is calculated by dividing each 
column element by the total output of that column sector after 
the total output is adjusted for inventory depletion. 
Each entry of Table 23, the interdependence table, 
measures the increase in output of that row sector generated 
by an additional dollar of sales to final demand by the 
related column sector. These entries reflect not only the 
direct and indirect effects of the increased deliveries to 
final demand but also the induced effects of increased con-
sumer spending by the household sector. 1 In the hypothetical 
example, the value of output Of sector A would increase by 
1The direct effects are given py the direct requirements 
table (Table 22 in the example). The indirect effects are 
those increases in output that are due to the additional 
spending of all the producing sectors in the economy, but not 
allowing increased consumer expenditures. The induced effects 
reflect the increased output of each sector caused by in-
creased consumer spending. 
90 
Table 22. Hypothetical direct requirements table 
Purchases by sector 
A B C 
H (Dollars) 
0 A .1486 .2192 .3797 .j.) 
u 
()) 
{f) B .1892 .0822 .1139 
>, 
..0 c .0946 .3425 .1772 
c: 
0 Households ·.-! 
.j.) (H) .2027 .1096 .2532 u 
::l 
'tl 
0 
H 
0.. 
Table 23. Hypothetical interdependence table 
A B c 
(Dollars) 
A 1.7466 .9829 1.2234 
B .6595 1.6473 .7971 
c .6353 .9690 1.9110 
Households 
(H) .6074 .6466 .8474 
Households 
(H) 
.1667 
.3333 
.2167 
.0333 
Households 
(H) 
.9143 
.8603 
• 8720 
1. 5521 
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98.3 cents for every dollar increase of deliveries to final 
demand by sector B. Table 23 is formed by subtracting the 
direct requirements table, Table 22 from an identity matrix 
and inverting the resulting matrix. 
The interdependence coefficients in Table23 measure the 
additional output forthcoming from every row sector because of 
the production of an additional dollar's worth of deliveries 
to final demand by the respective column sector. To determine 
the effect of producing an additional dollar's worth of output 
by any sector, the coefficients in the column of that sector 
in Table 23 must be adjusted (2,18). Table 24 presents the 
adjusted interdependence matrix which is computed by dividing 
every element in each column by the diagonal element of that 
column. The coefficients in Table 24 then represent the 
additional output of each row sector generated by the produc-
tion of an additional dollar's worth of output by the column 
sector. For example, sector B produces 37.8 cents worth of 
output for each dollars worth of output from sector A. The 
income-generation factor of a dollar's worth of output for any 
sector can be read directly from the household row of that 
column sector in Table 24. 
The previous discussion can be presented mathematically 
by the following set of equations. Assume the system under 
discussion has n processing sectors, m final demand sectors, 
and d final payments sectors. Let X. be the output of each of 
l. 
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Table 24 Hypothetical adjusted interdependency table 
A 
A 1.0000 
B . 3776 
c .3637 
B c 
(Dollars) 
.5967 .6402 
1.0000 . 4171 
.5883 l. 0000 
Households 
(H) 
.5891 
.5543 
.5618 
Households a 
(H) .3478 . 39 26 .4434 1.0000 
aThe income generation factor of each sector is equal to 
the household row entry for that sector. 
the n processing sectors, x .. 
~J 
be the amount of output of 
sector i used by sector j , and Yik be the demand for output of 
sector i by the k-th final demand sector. The foliowing 
system of equations, A.l, then represents this system: 
xl xll + xl2 + .•.. + xln + yll + .... + Ylm 
x2 x21 + x22 + .... + x2n + y21 + .... + Y2m 
.. 
(A .1) 
X X + X + .... + X + y + ...• + y n nl n2 nn nl n 
. . 
X d l +X d 2 + .... +X d + y d l + •..• + y d n+ , n+ , n+ ,n n+ , n+ ,m 
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Assuming constant technical coefficients for the n processing 
sectors, net terms can be ~alculated as in Equation A.2 
(i, j = l, ... ,n) (A. 2) 
Deleting the final payments sector, the producing sectors can 
now be summarized as in Equation A.3 for all n producing 
sectors. 
X. -
~ 
n n 
E a .. X. = E Yik j=l ~J J k=l 
(i=l, ••• ,n) 
The system defined by Equation A.3 can be expressed equi:-
valently in matrix form as in A.4 or A.S. 
(1 
- all) al2 - aln xl yl 
- a2l(l - a22) .... - a 2n x2 y2 
= 
-a an2 •••• (1 - ann) X y nl n n 
or 
(I 
- A) X = y 
where A is a matrix of technical coefficients, I is an 
identity matrix of the same dimension as A, X is a n x 1 
(A. 3) 
(A. 4) 
(A. 5) 
column vector of outputs, and Y is a n x 1 column vector of· 
final demands. To solve this system for the X vector, the 
(I - A) matrix is inverted to form an interdependency table 
(such as Table 23). To do this, we define a new matrix R, 
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where R ~ (I - A)-l, which when expanded appears as in A.6; 
.......... 
R = 
rnl rn2 · • •·• • • • • • • rnn 
where r .. is the amount of output of sector i required to 
l.J 
(A. 6) 
deliver one unit of output of sector j to final demand. To 
convert to output terms, we define a further relationship, 
Equation A.7; 
s. . = r .. /r.. for all i and j 
l.J l.J l.l. 
(A. 7) 
to form a new matrix S as in A.8 
s;J.n 
s = (A. 8) 
snl sn2 •••••••••· snn 
where each s .. represents the amount of output of sector i 
l.J 
required to produce one unit of output of sector j. Matrix s 
corresponds to Table 24. 
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Since outcomes for each of the structural alternatives 
imply a different productive technology for each farm produc-
tion region, it is necessary to recalculate income-generation 
factors for each of the alternatives. The facto~s were re-
estimated using coefficients based on the particular mix of 
productive inputs resulting for each of the model alternatives. 
Using the results of the linear programming model, the direct 
requirements table of the basic input-output table is altered 
; 
to reflect the mix of productive inputs applicable for each 
alternative. The basic input-output data is from Schluter 
(27). To accomplish this, we first assume the proportion of 
nonfarm inputs to total inputs (per dollar of total inputs) 
remains constant for all the alternatives. Then the mix of 
nonfarm inputs (fertilizer, machinery, and labor) is adjusted 
based on the proportion of each of them specified in the 
programming model. This altered direct-requirements table is 
then taken through the steps outlined above to estimate new 
income-generation factors for each model alternative under 
consideration. The income-generation factors estimated for 
the seven model alternatives are presented in Tables 25 
through 31. 
These income-generation factors are defined as the amount 
by which the total income in the U.S. economy will change 
because of a one dollar change in the value of output in each 
sector. Here, a sector represents a specific farm commodity 
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Table 25. Income generation factors for each of the ten farm 
production regions for Alternative A 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast l. 40084 1.29306 l. 4299 8 
Corn Belt 1.32709 1.27622 1.06933 l. 57638 
Lake States l. 38026 l. 36168 1.18379 
Appalachian l. 35832 1.44246 l. 23305 l. 68357 
Southeast l. 27554 1.45395 0.93880 l. 59416 
Delta States 0.82475 1.40229 0.99208 1.59576 
Southern Plains 0.99651 1.39401 0.96348 1.68070 
Northern Plains 1. 21338 1.27173 1.17654 
Mountain 1. 20254 l. 36146 l. 30884 1.62195 
Pacific 0.89540 1. 36627 1.30884 1. 62014 
Table 26. Income generation factors· for each of the ten farm 
production regions for Alternative B 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast 1. 40090 l. 29446 1. 42916 
Corn Belt 1.32061 l. 27795 1.06845 1. 57645 
Lake States 1.37704 l. 36304 1.18154 
Appalachian 1.36065 1. 43993 1.23264 l. 70303 
Southeast 1.27583 1.44828 0.93951 1. 61676 
Delta States 0.83017 l. 41127 0.99274 1. 59441 
Southern Plains 0.99867 1.39407 0.96460 2.16698 
Northern Plains 1. 21613 1.37458 1.17534 
Mountain 1.20159 1.36469 1. 30889 1.62202 
Pacific 0.89543 l. 36632 1.30889 1.62020 
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Table 27. Income generation factors for each of the ten farm 
production regions for Alternative C 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast 1. 39990 1. 30142 1. 43628 
Corn Belt 1. 32216 1. 274 78 1.06487 1.57425 
Lake States 1. 38118 1. 36315 1.18363 
Appalachian 1. 35009 1. 43104 1. 22106 1. 62808 
Southeast 1. 27708 1. 44472 . 0.93515 1. 61782 
Delta States 0. 82415 1.40984 0.98190 1.54946 
Southern Plains 0.99692 1. 38881 0.96755 1. 68544 
Northern Plains 1. 21691 1. 37864 1.17367 
Mountain 1. 20155 1. 36550 1. 38072 1. 61145 
Pacific 0.89524 1.35376 1. 30872 1.61978 
Table 28. Income generation factors for each of the ten farm 
production regions for Alternative D 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast 1. 39739 1. 29498 1. 43410 
Corn Belt 1. 31682 1.26730 1. 06719 1.58623 
Lake States 1.37535 1.36046 1.18471 
Appalachian 1. 33995 1. 41023 1. 21661 1.60541 
Southeast 1. 25440 1.42985 0.92703 1.53595 
Delta States 0.81146 1.38926 0.97612 1. 55832 
Southern Plains 0.98537 1.37935 0.96588 1. 69874 
Northern Plains 1.21048 1.36549 1.16869 
Mountain 1.1964 7 1. 3.5808 1. 30856 1. 6264 7 
Pacific 0.88663 1.35776 1. 30856 1. 61725 
----- ------------
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Table 29, Income generation factors for each of the ten farm 
production regions for Alternative E 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast l. 34 721 1.29635 1.43565 
Corn Belt 1. 32302 l. 27043 1.06540 1. 58 804 
Lake States l. 36963 1.36447 1.18494 
Appalachian 1.33287 1.42977 l. 21659 l. 61227 
Southeast l. 2539 3 1.43299 0.92807 1.86646 
Delta State~-; 0.81242 l. 39122 0.97655 2.07885 
Southern Plains 0.97923 1.38464 0.97241 1. 72079 
Northern Plains 1. 209 80 l. 36174 1.1697 3 
Mountain 1.19473 1.35278 1.3098.5 1.62725 
Paci fie 0.88704 1.48818 l. 30985 l. 61918 
Table 30. Income generation factors for each of the ten farm 
production regions for Alternative F 
Region Wheat Feed grains Soybeans Cotton 
(Dollars of income generated per dollar of output) 
Northeast l. 399 87 l. 30020 1.43612 
Corn Belt l. 32377 1.27584 1.06434 l. 57422 
Lake States 1.38155 1. 36255 1.18543 
Appalachian 1.34972 1. 4 3129 1.21847 1.64819 
Southeast 1.44835 l. 27843 0.93674 1.58800 
Delta States 0.82590 l. 40 804 0.98075 1. 54941 
Southern Plains 0.99509 1. 3894 7 0.96654 l. 68542 
Northern Plains 1. 214 71 1. 3734 7 1.17466 
Mountain 1. 20111 1. 364 75 1.30870 1.60336 
Pacific 0.89632 1.36045 1.30870 1.61975 
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Table 31. Income generation factors for each of the ten farm 
production regions for Alternative G 
Region Wheat Feed grains Soybeans Co:tton 
(Dollars of income generated per dollar of o''utput) 
Northeast 1. 40025 1. 30033 1. 43559 
Corn Belt 1. 32256 1. 27379 1. 06617 1. 57406 
Lake States 1. 38485 1. 36381 1.18307 
Appalachian 1. 34982 1. 42992 1. 22116 1. 61431 
Southeast 1. 27736 1. 45001 '0.93516 1. 54901 
Delta States 0.82559 1. 39911 0.98176 1. 54870 
Southern Plains 1. 00063 1. 38770 0.96213 1. 64016 
Northern Plains 1. 21642 1. 37438 1.17441 
Mountain 1. 20304 1. 36569 1. 30859 1.60802 
Pacific 0.89685 1. 32910 1. 30859 1. 61958 
produced in a specific farm production region. This change in 
income contains three components: (1) changes in the income 
of farmers, (2) changes in the level of activity in agri-
business industries, and (3) variations in the quantity of 
consumer goods pu~chased by farmers and by workers in agri-
business industries. 
The income-generation factors presented in Tables 25 
through 31 refer to income generated per dollar of output. In 
any region, however, the total amount of income generated by 
the production of the four commodities is a function of the 
acreage, yield, and price of those commodities. To indicate 
this total secondary effect, the income-generation factors are 
linked to the value of output estimated for each commodity in 
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the programming model. 
Because of the large changes in farm prices among the 
model alternatives, one dollar's worth of output does not 
reflect the same physical quantity of output for each situa-
tion. For example, the quantity of output needed to equal one 
dollar's worth of sales for Alternative B is much less than 
for Alternative A. The income effects of these price changes 
would be expected to affect farmers' expenditure patterns 
between production and consumption goods. However, this 
change in the mix of expenditures is not captured here because 
of lack of data relating to expenditure patterns. Therefore 
the expenditure patterns of farm operators does not vary among 
the seven model alternatives. 
To provide a comparison among the model alternatives, the 
product of the income-generation factors and value of output 
for each alternative is converted to an index form. These 
indices of secondary-income generation are presented in Table 
19 in the text. To calculate these indices, Alternative A is 
used as the base alternative. For each region, each secondary 
income generation value is divided by the respective value 
under Alternative A (and then multiplied by 100). Now the 
secondary index values for the other six alternatives are 
expressed a~ percentage changes from Alternative A. This 
means that a secondary income value of 250 for Alternative B 
has the following meaning: The amount of income generated by 
lOl 
production of the crop commodities endogenous to the program-
ming model for Alternative A is 2.5 times that under Alterna-
tive B. This does not imply that the total income of the 
nation would vary by a factor of 2.5--rather, only the income 
generated by the production of wheat, 'feed grains, soybeans, 
and cotton differs by this multiple. 
Because we relate value of output to secondary-income 
generation, supply control programs, as in Alternative G, are 
estimated to have positive secondary income effects even 
though farm output would be reduced (compared to a situation 
without supply control programs). This reduction in farm out-
put would probably not have positive effects on the small 
rural community whose main source of employment is processing 
farm output or supplying farm inputs. However, the additional 
farm income associated with a supply control program can 
generate economic activity in larger rural towns serving as 
trade centers for the farm community. The income indices 
developed here relate to this multi-county, trade center con-
cept and should be viewed in this manner. However, it should 
be noted that supply control programs may have negative rather 
than positive effects for the small rural village which is more 
dependent on the quantity of farm output produced than the 
value of th.at output. 
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APPENDIX B: ESTIMATION OF NATIONAL CASH RECEIPTS 
AND PRODUCTION EXPENSES 
The linear programming model used in this analysis does 
not include all sectors of the agricultural industry as 
endogenous commodities. Therefore procedures were needed to 
relate the output of this model to national income and 
expenses, since this is the form many people are interested in 
'"'hen analyzing the agricultural industry. This section de-
scribes the procedures used to estimate national cash receipts 
and production expenses. 
Cash Receipts 
The programming model provides direct estimates of farm 
production for wheat, feed grains, soybeans, and cotton lint 
in each of the alternative situations of the analysis. To 
calculate cash receipts for the model crops, the production 
estimates had to be adjusted for that portion of production 
which is not sold from farms. For each commodity, the 1968-70 
average proportion of production sold from farms is multiplied 
times its estimated production to form an estimate of sales 
from farms. These average proportions are 0.933 for wheat, 
0.569 for feed grains, 0.980 for soybeans and 1.0 for cotton 
lint (34). Estimated sales are then multiplied times the 
model supply price to determine cash receipts for the four 
model crops in each alternative. 
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The model production estimates include only the 150 rural 
areas in the model. Production from the nonincluded areas of 
the nation (the White Areas) is set at 1969 production levels 
(64). These 1969 production levels are converted to a sales 
basis using the same factors as given in preceding paragraph. 
The resulting sales estimates are multiplied times the supply 
price relevant for each alternative to give White Area cash 
receipts. 
From the demand procedures described in (29), 
estimates of domestic production and price are available for 
beef, pork, broilers, and sheep and lambs. These parameters 
are combined to form an estimate of cash receipts from these 
four livestock commodities. 
To this point, we have obtained direct estimates of cash 
receipts for eight agricultural sectors; wheat, feed grains, 
soybeans, cotton lint, beef, pork, broilers, and sheep and 
lambs. Cash receipts for agricultural commodities other than 
these eight are held constant at their 1970-72 average of 
20.456 billion dollars (34). This constant figure is added to 
the cash receipts estimated for the eight included commodities 
to form an estimate of cash receipts for the agricultural 
sector. 
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Production Expenses 
The first step in estimating national production expenses 
for this analysis is to calculate total expenses for Alterna-
tive A. Total farm production expenses are defined as the sum 
of operating and fixed expenses. Operating expenses include 
expenditures for feed; livestock replacement; seed; fertilizer 
and lime; petroleum, fuel, and oil; other motor vehicle and 
machinery operation; building repairs; hired labor; and 
miscellaneous items. All of these expense categories except 
other motor vehicle and machinery operations are estimated 
using regression procedures (see Equations B.l-B.8). Fixed 
expenses are defined as the sum of depreciation on buildings 
and machinery, taxes on farm property, interest on farm 
mortgage debt, and net rent to nonfarm landlords. For all 
seven of the alternatives in this analysis, fixed expenses are 
set at their 1969-71 average of $12.876 million (43). 
-5643.754 + 84.546 X t + 40.091X t 
(920.7) (6.14) m, (10.75) r, 
(B .1) 
0.93 
-1151.265 + 17.282X t + 30.826X t 
(262.25) (7.35) m, (6.03) c, 
(B. 2) 
0.95 
-84.622 + 0.906Y + 2.511 Year 
(55.31) (0.157) 3 ,t-1 (1.62) 
(B. 3) 
0.90 
-323.436 + 0.927Y4 t-l + 8.263 Year (254.67) (0.089) , (6.26) 
(B. 4) 
0.99 
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Ys,t = 489.627 + 0.612Y 5 t-l + 1.929 Year (190.52) (0.18) , (1.69) 
(B. 5) 
Y6 ,t = 770.641 + 0.490Y6 t-l - 6.539 Year (248.59) (0.17) , (2.04) R2 = 0 96 . 
(B. 6) 
Y7 ,t = 1413.539 + 0.827Y7 t-l - 13.882 Year (1643.65) (0.142) , (17.95) 
(B. 7) 
-913.253 + 0.881Y8 t-l + 23.28 Year (445.49) (0.078) , (11.14) 
(B. 8) 
0.996 
where: 
X is the index of meat production in year t (1967 = 
m,t 
100). This is formed by summing the meat production 
of cattle and calves, hogs, and sheep; 
X is an index of crop production in year t (1967 = 
c,t 
100). This index is formed by summing crop produc-
tion in terms of feed units of wheat, feed grains, 
and soybeans; 
YR,t is an index of the ratio of the crop production 
index, X t to the meat production index, X t c, m, 
(1967 = 100); 
Year represents a time trend after 1948, Year 49 in 
1949, 50 in 1950, .•• 72 in 1972; 
Y. t is the estimated expenditures for the i-th expense l. , 
category in the t-th year (i = 1,2,3,4,5,6,7,8, for 
feed; livestock purchases; seed; fertilizer and 
lime; petroleum, fuel, and oil; building repairs; 
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hired labor; and miscellaneous items, respectively.) 
Each Yi t is in 1967 constant dollars using price 
' 
indices specific to each expenditure category (34, 
43). 
Since no significant trend was found for expenditures for other vehicle 
and machinery operations, this expenditure category is helf, constant at 
its average value during this period, $2.151 billion. 
After estimating values for Alternative A for each of the expenditure 
categories in 1980, these estimated values had to be adjusted to reflect 
changes between it and the other six alternatives. To do this the nine 
expenditure categories were divided into two subsectors. One subset 
contained variables which varied among the model alternatives; expenditures 
for feed and livestock purchases. The other seven categories, which con-
tain only time and their own value lagged one period, form the other 
subset. To calculate expenditures for the other six alternatives for 
this second subset, the estimates of Alternative A were adjusted by the 
percentage change in the cost of producing wheat, feed grains, soybeans, 
and cotton as determined in the programming model between each alternative 
and Alternative A. 
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The first subset contains explanatory variables whose 
values vary as the quantity of livestock demand and the pro-
duction of grain varies in the analysis. Three levels for 
these two variables are used. One level of live~tock demand 
and grain production is used for Alternatives B, C, D, and E. 
A second level is used for Alternatives A and F. And a third 
level is applied in Alternative G. These separate quantities 
were inserted directly in Equations B.l and B.2 to estimate 
expenditures for these categories in Alternatives A, B, and G. 
Alternative A was assumed to serve as a base for Alternative . 
F. Therefore the percentage change in the programming model 
cost of production between these two alternatives was used as 
an adjustment factor to calculate expenditures for Alternative 
F. Similarly, Alternative B served as a base for each of 
Alternatives C, D, and E. The percentage change between 
Alternative B and each of the other three situations was used 
to calculate expenditures for feed and for livestock purchases 
for Alternatives c, D, and E. 
Indices specific to each of the expenditure categories 
were then used to convert the estimates from a 1967 dollar to 
a 1972 dollar base. For each of the model alternatives this 
estimate of total operating expense was then summed with 1969-
71 average fixed expenses to form the estimate of total pro-
duction expenses given in Table 14. 
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APPENDIX C: ESTIMATION OF AVERAGE FARM SIZE IN 1980 
Average size of farm and number of commercial farms are 
t.wo variables that are very important both to the farming 
industry itself and the rural community serving it. Therefore, 
differences between the model alternatives in the magnitude of 
these variables were factors which this analysis strived to 
capture. 
Data on the number: of farms and the acreage in those farms 
for each of the five classes of commercial farms defined by 
the Census Bureau is available for the years 1959, 1964, and 
1969 (62, 63, 63). This data was first summed on a state basis 
to conform with the three farm structures bas·ic to this 
analysis. Then for both farm numbers and acreage, the per 
year rate of change between 1959 and 1964 and between 1964 and 
1969 was summed and averaged to give a per year rate of change. 
The resulting rates of change were continued from the 1969 
value for each of these variables to calculate a 1980 estimate 
of farm numbers and acreage by state for each of the small-, 
medium-, and large-farm structures. To estimate average farm 
size for these three farm structures, the projected acreage 
was divided by the projected number of farms. For the typical 
farm structure, the projected number of farms and acreage for 
the three separate categories was summed and then divided to 
estimate average farm size for this category. 
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Now it still remains to relate average farm size for each 
of the farm structures to an average farm size for the seven 
model alternatives. From the programming model, we can obtain 
estimates at the state level of the acreage of wheat, feed 
grains, soybeans, and cotton lint for each of the model 
alternatives. From the 1969 Census of Agriculture (64), data 
for that year was available which related the total acreage in 
farms to the acreage of the four above-mentioned commodities 
for each state. By combining this ratio with the output of 
the programming model, it was then possible to estimate the 
number of farms and their average size for each state in each 
alternative. These state estimates were then averaged to form, 
a national average farm size, given in Table 32 below. 
Table 32. Estimated national average size of farm for each of 
the alternatives 
1971 a Model alternatives 
actual A B c D E F G 
Average farm 
size (acres) 389 619 626 532 1,110 1,093 525 516 
asource: (61). 
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